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PEEFACE. 



Animal Physiology is ^ essentially a Science of Designs and 
Final Causes." Probably no subject, if taught with even 
moderate intelligence, can be rendered so interesting, or made 
to rouse the dormant energies of the intellect of young people, 
and of those previously untrained in the method of scientific 
inquiry, as that of Human Physiology. Certainly the study 
of no other science opens up to the mind so many wonders, 
solves so many human mysteries, or brings home to the mind 
so many proofs of the " reign of Law," and of the wise and 
beneficent design of this universe, or teaches so many princi- 

Eles which lie at the basis of human health, morals, and well- 
eing, aa that of Human Physiology. On these considerations 
alone, — and many other most powerful ones might be urged, 
— " Human Physiology" must claim a leading position in any 
system which professes to educate the people souruUv. 

Very considerable experience as a Teacher of Pnysiology, 
with the youthful and adult of both sexes, has proved to the 
writer the facility with which the viva voce teaching of Elemen- 
tary Physiology may be made " perfectly sound and thorough," 
when supplemented with the aid of good diagrams, a good 
text-hook, and the free use of the hlack'hoard,2JMdL of the lungs, 
heart, kidney, eye, &c., of the sheep, and of such other objects 
as may be readily obtained from the butcher, for the illustra- 
tion of the general structure of the corresponding organs of 
the human body; while the body of the living frog or tadpole 
is amply sufiicient to illustrate the general phenomena of the 
circulation and the properties of the living tissues. The 
teacher should also occasionally dissect a small animal, as a 
rabbit, recently killed with chloroform, before his class. A 
Human Skeleton and a cheap Microscope will likewise be 
found invaluable aids to the earnest teacher. 

A general impression prevails, among the candidates pre- 
senting themselves at the Government Science Examinations, 
that it is easier to pass with the same actual knowledge in 
the Second Class, Advanced Stage, than in the First Class, 
Elementary Stage. The prevalence of this error can only 
have resulted from the candidates having confined their 
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attention too exclusively to the subjects iMmud in the Syllabus 
of the Elementary Stage, whereas it is impossible to obtain a 
sound, however elementaiy, knowledge of these subjects them- 
selves, without their also making themselves familiar, as it 
were, with the atmosphere of facts immediately surrounding 
them. To obviate this difficulty, promote greater soundness 
of attainment, and especially with the object of cultivating 
the higher reasoning powers of the young student in dealing 
with 3ie principles of the science, rather than encourage in 
him the acquisition of the power of what may be expressed as 
mere "descriptive cram," the writer has dealt, as at the open- 
ing of the book, and in treating of the blood and the tissues, 
far more with the principles and the reasoning of the subject 
than is usual in treatises of the same limited and elementary 
character. He has therefore been compelled to extend the 
ran^e of this little work beyond the subjects actually named 
in the Syllabus of the Elementary stage issued by t^e Depart- 
ment of Science and Art. He has also everywhere sought, — as 
by sectionizing the work, by making it as practical as possible, 
by the mode of keying the diagrams, &c., — ^to make it as clear 
and thorough as his limits would permit, never hesitating to 
repeat, where he felt repetition would be advantageous to the 
student. 

The writer begs, in conclusion, to express his indebtedness 
to the works of Bennett, Carpenter, Combe, Gray, Lawson, 
Marshall, Playfair, Huxley, and others; to the latter especially 
for kindly allowing him to copy some of the diagrams in his 
text-book on the same subject. To Professor Huxley all 
friends of the cause of scientific education are, in common 
with the writer, indebted, not only for his labours as an 
Englishman in extending the domains of Biological Science, 
but also for his able and successful advocacy of the claims of 
** Physiology " as a branch of general popular education. 

John Angell. 
Manchesteh, August , 1873L 
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CHAPTER I. 

GENERAL VIEW OP THE SCHEME AND FUNCTIONS OF 

THE HUMAN BODY. 

1. The Living Body compared with a Steam Engine 
at Work. — The body of a living man in many respects 
closely resembles that of a stea/m engine at work, differing 
from it chiefly in the greater variety, complexity, beauty, 
and perfection of its individual parts, and its scheme as 
a whole, just as its contriver and maker, man, differs in 
power and degree from the great Maker of the Universe. 

2. Physiology and Theology in Harmony.— At the out- 
set, to prevent all possible confusion, let it be distinctly 
understood that, though we shall frequently have cause to 
refer to the nature and the condition of the action of the 
human mind, we in no case intend, as not coming within 
the proper province of "physiology," to refer to the 
nature of the human soul, or its connections or relations 
with the human body. 

In the opinion of the writer, as far as mere human 
knowledge and intellect are concerned, the nature of 
this connection is entirely a mystery : all attempts to 
investigate this divine, not human, problem have 
hitherto not only failed to present any light on the 
wonderful mystery, but have entirely failed even to 
show us how, by any scientific or philosophical methods 
with which we are acquainted, we shall be able to acquire 
such knowledge. 

In fiact, we at the present time are not only without 
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such knowledge, in the sense in which the term is used 
in science, but are also utterly helpless as to the metfiod 
by which such knowledge is to be philoaophically acquired 
or built up. The writer of this little treatise would 
even go so far as to express it to be his opinion that the 
Almighty, in creating man, withheld from him, as he 
has also withheld from him the power of prophecy and 
other Divine gifts, the faculty of acquiring during this 
life any true knowledge of the nature of the human 

80tU. 

3. Some writers, it is true, have endeavoured to sup- 
port, on the basis o£ physiological argument, the theory of 
the utter extinction and annihilation of man by death, 
"With this view the writer of this little book has no 
sympathy whatever. In any case the proposition, being 
incapable of scientific proof, must remain in the region of 
pure hypothesis. To the present writer the fact that the 
Great Creator of all things has endowed man, as a part 
of his nature and his mental being, with the fundamental 
faculty or the natural sentiment of religion, in conse- 
quence of which mankind, even in the absence of true 
knowledge, has at all times and during all ages practised 
religion, i/rae ov false — ^has at all times cultivated a belief 
in an existence future to death — seems (to the writer) 
distinctly to point to, and make as eminently reasonable, 
the belief in the truth of the future existence or the im- 
mortality of man, as the strttcture of the heart and great 
Hood-vessels, and the arrangement of the valves, rendered 
reasonable to the great physiologist (Harvey) the fact 
of the circulation of the blood. 

In any case, the fact that the theory of our " future 
life" is compatible with all the promptings of our 
religious, moral, imaginative and poetical faculties, that 
it cannot but tend to elevate and purify our lives, and 
render them less selfish, is a sufficiently reasonable and 
practical argument, in the absence of all scientific proof 
to the contrary, why this theory, coinciding as it does 
with the doctrines of Christian Kevelation, should be 
adopted as the basis of our practical rule of life. Be this, 
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however, as it may, the writer having frankly, and he 
trusts respectfully, expressed his opinions on the subject 
of the " future existence of man," hopes that he will not 
be deemed responsible for the action of those who, with 
a very limited knowledge of "physiology," and a still more 
limited knowledge of things in general, may attempt to 
extort, or rather distort, from statements in this little 
work arguments subversive of this theory, or of the 
belief in the existence of the human soul. 

4. Comparison of the Actions of a Living Body with 
those of a Steam Engine continued. — What, then, is a 
steam engine % and in what respects, it may be asked, 
can two such apparently dissinular objects as a steam 
engine and the body of a living man resemble each other? 

A steam engine is a complex structure, by means of 
which — 

1st. Chemical force, stored u]^ in certain materials (the 
fuel), is converted into Iieai force. 

2nd. Heat force is converted into mechanical fo^'ce, 

3rd. The Tnechanical force is made to do the work 
desired by the designer and constructor of the engine. 

The real force which drives the steam engine is not 
the steam, but the heat The steam is merely the medium 
or agent by means of which the heat is most con- 
veniently brought to bear upon the solid parts of its 
machinery. 

5. For the construction of a steam engine we require — 
(1.) A grate or furnace, in which the/weZ is burnt or 

oxidized — ^that is, made to combine with the oxygen of 
the air, so that its chemical force may be converted into 
heat force. The grate or furnace corresponds to the lungs 
and capillaries, 

(2.) A boiler containing water, placed where it shall 
receive the utmost possible heat from the combustion 
taking place in the furnace. All heat which does not 
pass into the water in the boiler is so much lost force, 
and the fud consumed in generatiag it is so much lost 
fueL 

(3.) A cylinder, piston, and piston-rod, which correspond 



12 AKiltAt PHYSIOLOOr. 

in function with those of the honeSy ItgamerUi, musctes^ 
and tenchns of the living body. 

The cylinder is a large hoUo-w cylindrical vessel con- 
nected with the boiler by a steam pipe. 

The piston is a circular flat disc of metal, fitting air- 
tight into, and capable of being pushed up and down, the 
cylinder. 

The piston-rod is a strong metallic rod attached to the 
upper or outer part of the piston. 

When the water in the boiler has received the neces- 
sary quantity of heat, it expands with enormous force to 
nearly 1,700 times its original bulk or volume. The 
capacity of the boiler being fixed and limited, it is 
unable to contain this additional hulk or volume of ex- 
panded water (steam) which thus forces its way, or 
rather is driven by die Iieat into the cylinder, pushing the 
piston and pistonrrod before it, thus producing the avail- 
able mechanical force for the development of which the 
steam engine has been set up. 

(4.) The steam governor, which is a mechanical arrange- 
ment by which the quantity of working stectm — ^that is, 
the quantity of steam delivered into the cylinder — is 
regulated according to the resistance of the engine or the 
work to he done. That is, if more power is required 
because more work is to be done, then more working 
steam is admitted to drive the piston in the cylinder. 
If work is taken off so that less work is to be done, less 
working steam is admitted, — ^the fuel consumed being 
regulated accordingly by the man in charge of the 
engine. 

The steam governor of the steam engine, together with 
the stoker or man who attends to the furnace, corresponds 
to the sympathetic or organic nervous system of the living 
man, which regulates or duly adjusts the action of the 
digestive, respiratory, circulatory, and muscular systems 
with regard to each other; so that in health they should 
not work too fast or too slow for each other — ^that is, that 
the organs of digestion should not make too much or 
too little blood, or the heart drive it too slowly or too 
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rapidly tlirougli the system, or the lungs oxidize it too 
highly or too feebly, or the tissues appropriate it too 
quickly. 

(5.) Variou8 mechanical carUrivances, not here necessary 
to describe, by means of which the mechanical /orce, origi- 
nating as previously explained in the first instance out 
of the hea^f is distributed and directed so as to accomplish 
the various ends for which the engine was designed. 
These parts also, like the piston, piston-rod, &c., thus 
used for traiismitting and directing mechanical force and 
movement, may also be compared with the honeSy muscles, 
ligaments, and tendons of the living body. 

6. The amount of work expressed in mechanical units 
done by a well constructed and well managed steam 
engine (allowing for loss by Mction, &c.) is in the ratio 
of the jud consuTned. That is, roughly speaking, for 
tunce the fuel consumed, tunce the mechanical power should 
be developed, and twice the work be capable of being 
done. 

7. According to Helmholtz, the celebrated German phy- 
sicist, the total internal mechanical work of a living man 
is not less than about 715,000 foot pounds per day, of 
which 500,500 foot pounds are expended in the mechanical 
work of the circulation, 78,650 foot pounds in carrying 
on the mechanical work of respiration, and 135,850 foot 
pounds in the performance of the mechanical work of 
other internal processes of the living body. 

8. Helmholtz also estimates the external work — that is, 
the external resistance overcome by an active, vigorous 
toorking man per day — at about 715,000 foot pounds. 

9. Every 2 J lbs. of good coal burnt in feeding a good 
steam engine should be capable of producing about 
2,145,000 foot pounds of mechanical force; thus the 
mechanical work producible by the combustion of one 
kilogramme, or about 2^ lbs. of coal, equals the mechani- 
cal work of three men for a whole day. 

10. Dr. Frankland has estimated that 20^ ounces of 
oatmeal (at a cost of 3i pence), oxidized in the body of a 
small living man (weighing 140 lbs,); would enable him 
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to raise himself 10,000 feet high (as in ascending a 
mountain); or, in other -words, would enable him to 
expend 1,400,000 foot pounds of mechanical force, 

11. The steam engine is thus an instrument by which 
Jieat and meclianical force are developed out of the chemical 
force stored up in the fuel consumed in working it. 

12. Difference between the Living Body and a Working 
Steam Engine. — The living human body is, however, a 
far higher and more complex structure, in which a 
certain amount of chemical material (the food) is daily 
consumed and oxidized, the chemical force evolved during 
the combustion of which is not simply converted into 
the ordinary forms of heat and mechanical (muscular) 
force, but cdao into the various forms of nervous, vital, 
and mental force. 

13. In the living hody, as in the case of the steam engine, 
the quantity of force developed depends on the quantity 
of food profitably consumed (that is digested, assimilated, 
and oxidized). Where more food is consumed more 
force is developed. And where more work, either brain 
or muscular, is to be done, more food must be consumed 
to supply the requisite force. 

14. The Living Body Self-Renewing and Self-Repairing. 
But the living hum>an hody, viewed as a mere machine, 
differs from that of a steam engine, not merely in the 
greater number and higher nature of the forces developed 
by the oxidization of its food and tissues, but also in its 
self-reparative and its reproductive power. 

The steam engine works and uxistes or wears itself 
away, and, therefore, soon requires repair from external 
sources, or mending by external agents. 

The living human body, on the contrary, requires no 
such external aid, but during health is 56^-reparative, 
constantly wasting away, constantly expending both 
force and substance, yet neither losing power nor weight, 
that is, preserves from day to day its average weight and 
strength, 

15. This power of self-repair is characteristic only of 
animate beings. No construction of man, however in- 
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genious, has ever possessed this property. No man has 
yet designed, much less constiructed, a clock or other in- 
strument which though always at work, yet should never 
wear out, or which should repair itself or renew its parts 
as rapidly as they wear away; yet this is what occurs in 
all cases of healthy animal life. 

16. Change and Waste. The living body is the seat 
of actions far more numerous and incessant than those 
of any mere inanimate object however complex. 

Even during sleep, chemical^ vitaly nervous and 
mechanical movements are continually proceeding. The 
blood is ever circulating^ the heart ever heating, the 
arteries ever pulsating, the chest ever throbbing, the 
oxygen of the air " the sweeper of the living organism, 
but the lord of the dead body," as it has eloquently been 
described by Professor Huxley, is ever combining with 
and destroying the tissues of the body. In fact, during 
life there is continuous action with its corollary — 
constant vxiste. 

The explanation of the nature and extent to which 
these processes of continual change and vxiste are carried 
on in the living body forms one of the leading objects of 
the science of " Animal Physiology." 

17. Proof of the development of Heat Force in the 
living body. Every boy who has played at snow-ball 
knows that, if he grasp a piece of ice or a small quan- 
tity of snow at freezing temperature (0° Centigrade) in 
the palm of his hand, it wDl speedily mdt He also 
knows that the heat — the force by which this effect of 
liquifaction is produced — is derived from the body. 
Heaty therefore, is normally developed in the living 
body. 

What takes place with respect to ice held in the hand, 
would take place with regard to ice placed in contact 
with any other part of the living body. Supposing the 
entire body to be encased in ice 2^i freezing point (0° Cen- 
tigrade), and the melted ice (the liquid) to be carefully 
and accurately weighed, the quantity of heat given out 
from the surface of the body might be ascertained with 



16 ANIMAL PHYSIOLOGT. 

great precision. Physicists thus ascertain by a process 
of calorimetry the qvxintity oi\iQ2it contained in a body of 
given weight and temperature. 

18. But, in addition to the heat given off from the surface 
of the body, a large quantity of the heat developed in the 
living body is also carried off by the breath, which as all 
know is considerably warmer than the air of cold or 
temperate climates. A knowledge of the origin of 
^* Animal heat,^ and the conditions under which it is 
developed and distributed through the system, is also 
included in the science of Animal Physiology, which 
thus includes an elementary knowledge of chemistry, and 
of "heat/^ as a branch of "Physics." 

The principal organs concerned in the development 
and regulation of the animal heat are the lungs, capUr- 
la?^, and the skin, 

19. Proof of the development of Mechanical Force in 
the living body. Throw a stone up through the air by 
means of the hand and arm. The movement of the stone 
is a mechanical movement, and the mechanical force by 
which it is effected is developed within the living body. 
At every step we take in walking, we raise the whole 
weight of the body ; every time we raise a limb or lift a 
weight, we generate and expend mechanical force. Ale- 
chanical force must therefore be abundantly developed 
in the bodies of living men. 

20. The development and direction of the mechanical 
force generated by living beings is effected, as previously 
stated, mainly by organs termed respectively muscles, 
tendons, bones and ligamsnts. The branch of Physiology 
which specially treats on this subject is termed "Animal 
Mechanics" 

21. Special proof that vital and nervous force are de- 
veloped in the body of a living man is quite unnecessary 
to every thinking man. That vital, nervous, and mental 
force are generated or developed in the body of living 
man is proved by every sensation, thought, and emotion of 
which he is conscious. That every such mental pheno- 
menon is due to th^ nervous force generated by the 
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chemical tuition of the oxygen of the air on the blood or 
the tissues — ^the special organs concerned in producing 
these phenomena — and the conditions imder vhich they 
are produced form together so many matured problems 
which it is the object of Human Physiology to solve. 

This branch of the study is embraced under the head 
of the nervona system. The chief organs of the nervous 
system are the hrainy the spinal cord, the cerebrospinal 
nerves, and the sympathetic nerves. 

22. Waste Processes. But in addition to the /orc0 
developed and expended or lost, substance is, in the pro- 
duction of this force, being incessantly burrUy disin- 
tegrated, and evolved from the living animal body, thus 
producing the continued loss of substance or waste previ- 
ously referred to. 

To remove this toa^te or dead matter with sufficient 
rapidity from the system is the office or function of 
special organs termed the absorbents, and of the organs 
oi excretion, the latter including the lungs, skin, and 
kidneys, &c; the duty of which has been compared 
with that of the sewers and scavengers in properly organ- 
ized large towns. 

The toaste substance of the tissues leaves the system 
in form of carbonic acid gas, of water, and of urea; the 
latter substance (urea) aiter leaving the body becomes 
further decomposed into carbonic acid gas and ammonia. 
In addition to the above, the excretions also contain 
certain saline compounds or salts. 

23. Simple Proofs of Waste. 

(a.) Bring any bright highly-polished cold steel or 
metal article into contact with the finger or any other 
part of the body. It will immediately become dimmed, 
because of the deposit of the /Ter^ra^ion which incessantly 
escapes from all parts of the skin. Ten thousand to 
twenty thousand grains weight and upwards are thus 
thrown off the body daily. 

(6.) Breathe through a weighed quantity of clear trans- 
parent lime water (a chemical test for can'bonio acid gas). 
It instantly becomes white and turbid. After breathing 
14 b. b 
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tL'rough it for a short time, re-weigh; it will now have 
become heavier; thus proving that the living body con- 
tinuallj loses carbonic acid gas in the act of breathing. 
A large quantity of aqueous vapour also passes off from 
the lungs during the process of breathing. 

Twelve thousand to twenty thousand grains in weight 
oi carbonic add gas j and five thousand grains and upwards 
of water in the form of aqueous vapour^ are thus lost 
per day from the body of living man. 

During cold weather thick clouds of condensed vapour 
are frequently seen rising from the mouths and skins of 
horses who have been running violently; this is simply 
so much of the waste matter referred to. 

24. Waste increases with Work. — Let a living man be 
weigJied immediately after a meal ; let him then sit still 
for three or four hours, after which let him be re-tveighed, 
he 9Wt having taken any refreshment in the interval. 
On re-weighing he will be found to have lost weight, 
thus proving that during the interval he was losiiig 
substance. 

Let the same experiment be repeated after another 
meal, the temperature being the same, but let him in 
the interval work hard, or take a very long, rapid walk. 
On being re-umghed he will be found to have lost a 
very perceptibly grea>ter weight than on the occasion 
of the previous experiment during rest; thus proving 
that increased exertion brings with it increased loss of 
substance. 

A smith or a nawie thus on ordinary days, when 
workirig, loses more bodily weight and substance than 
he does on Sundays when resting, 

25. Diomal balance. — But if a healthy living man be 
weighed at about the same time of the day, and under 
similar circumstances with regard to temperature, work 
and food, day after day for several days in succession, 
he will be found to vary very little in weight from one 
day to the other. The body must thus be " diumaUy 
balanced,^* and this diurnal balancing must therefore be 
effected by the food diurnaUy ingested. 
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The body of a living man is thus a liiglilj complex 
organized structure^ which constantly generates and 
expends nervous and mechanical force^ which generales 
and loses heat, and which consequently suffers an ineessanC 
loss of substance consumed in supplying the forces thus 
generated and expended, and which must therefore be 
sustained by the periodical supply of suitable organic 
matter ingested in the form of food. 

If a healthy active man do a given amount of physical 
work daily, he will require a certain definite amount of 
food per day to preserve his diurnal physiological balance. 
If he grecUly increase the quantity of vxn'k done per day 
without increasing the quantity of food he takes per 
day, he will become thinner and lighter — that is, his 
diurnal bodily loss will exceed his diurnal bodily gain. 
Again, if he continue to take the same quantity of food 
as before, while he greatly reduces the quantity of 
work he does per day, either his body will become 
Iieavier — ^that is, he will increase in btdk, or the unused 
food will pass out of his system undigested as exeremen- 
titious matter. 

26. Hunger and Thirst. — ^In order to compel the living 
being to attend with sufficient promptness and regu- 
larity to the supply of new matter in the form of food 
and drink necessary to keep up the diurnal balancey 
and enable the body to generate the forces necessary to 
the carrying on of its functions, and the repairing of its 
tissues, tvH) imperious sensations, hunger and thirst, are 
established, which, when operating in their full vigour, 
irresistibly compel him ^where physically possible) to 
satisfy the cravings of his system. So irresistible are 
these cravings that savages sometimes charge their 
stomachs with day and other indigestible and useless 
matter in order to assuage the intensity of their hunger. 

27. The Ingestion of Oxygen a condition of Life. — But 
as the development of the vitcU and other ^brce* generated 
in the living body depends upon the chemical action of 
the oxygen of the air upon the blood, the food, or the 
tissueSf it is necessary that^ m s44iiioo to the food 
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material ingested for tlie repair of the system, large 
quantities of oxygen gas shall be constantly ingested 
into the system. 

It has been estimated that 800 lbs. of oxygen gas, and 
consequently about five times that weight of atmo- 
spheric air are passed through the lungs of an ordinary 
working man in the course of one year. (See Organs of 
Respiration.) 

28. When the body ceases to be supplied with oxygen, 
the brain, the heart, and the lungs cease to act, and 
death from asphyxia or suffocation ensues. 

29. Death, Local, Molecular, and Somatic. — When the 
body of an animal performs its various functions it is 
said to live, or be in a state of life; when such a body 
entirely ceases to perform its various functions, it is 
said to be dead. 

Every animal is endowed at its birth with a con- 
stitution, in consequence of which it is, under favour- 
able, that is normal, circumstances, capable of passing 
through a systematic series of cycles of change at the 
termination of which it, no longer possessing the power 
of continuing to develop the vital forces necessary to its 
further existence, ceases to live — or in other words, dies a 
natural, and 'pToh&hlj painless death, from pure natural 
exhaustion of vitality. 

This constitutes death from old a>ge. From mis- 
conduct, and breach of natural law, in most cases more 
or less unavoidable, because of ignorance of physio- 
logical law, or of the artificial necessities of modem 
civilization, probably not one in ten-thousand dies a 
natural death— thai, is, lives out the full period of his 
proper natural existence, but dies by accident (injury) 
or by disease, 
, Deaih, however, does not occur simultaneously through 
every part of the body. The tittv^es of the man continue 
to live, and even to be nourished for a short time after the 
man himself is dead. Thus the hair may possibly 
continue to grow a short time after death. The musdea 
also may be made to contract by electrical stimulus for a 
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short time after tlie man is dead^ thus ahowing that the 
muscuUir tissues are not dead. 

When the abdomen of a sheep which has been bled 
to death, or even decapitated, is opened shortly after 
death, the peristaltic movements of the stomach and 
intesl^es, probably stimulated by the action of the air, 
may be observed proceeding feebly; thus again showing 
that the life of the tissues may for a short time survive 
that of the body as a whole. 

The death of the body as a whole has been termed 
Somatic death (from Greek soma, a body). Somatic deaths 
formerly described as systemic deathj is death conse- 
quent on the cessation of the eirctdation. The cessation 
of the circulation can only be brought about by the 
failure of the action of the brainy the heart, or the lungs. 
These three organs, or centres of life, were therefore 
designate by Bichat the tripod of life. 

When, as not unfrequently happens, a part of the 
body, as a finger or a limb, suffers injury by accident 
or disease, in consequence of which its circulation and 
consequent nutrition is arrested, it dies, or undergoes 
mortification, and sloughs away. Such death is therefore 
termed local death, which implies the death of a part of 
the body in contradistinction to the death of the whole. 
(See Nutrition.) Birds m€uU their feathers, and deer 
cast their antlers through local death, caused by arrest 
of nutrition. 

But it has already been repeatedly shown that the 
vital and other forces of the body — or in other words, t^ 
life, is continually sustained by the disintegration, 
oxidizing, burning, and consequent death of the molecules 
(minute constituent particles) of the tissues taking place 
at aU points in the living body. To this kind of death, 
therefore, the term molecular death is applied, which 
implies that kind of death which is perpetually taking 
place among the living particles all through the body, 
the death and destruction of which (through the agency 
of the oxygen) determines the origin of the animal heat, 
and of the muscular^ nervous, and other forces of life. 
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M^jlecu.ar death taking place all through the system 
has nometimes been described as one kind of general 
death, and has thus been confounded with somatic dealh^ 
which is also another form of general death. 

30. Beprodaction. — To the power of reproduction, so 
characteristic of animal life, by which life is given to 
successive races of beings, who inherit the structure and 
properties of their parents and predecessors, the limits 
of the present treatise will prevent little more than 
allusion. 

31. Cognate Sciences. — It will be seen from the fore- 
going statements that a sound knowledge of Animal 
Physiology implies a greater or less knowledge of 
Chemistry, Meclianics, and Physics. It also requires a 
knowledge of so much Anatomy as shall enable the stu- 
dent to understand the general structure of the Animal 
Body, and of so much Histology as shall give him a clear 
knowledge of the Microscopic structure of the tissues. 
Most important light is thrown on the principles of 
physiology by the study of Pathology. 

CHAPTER II 

GENERAL BUILD OP THE HUMAN BODY. 

32. Divisions of the Human Body.— For the purposes 
of general description, the human body may be divided 
into h£ad, trunk, and extremities (the arms and legs). 
The human body is, speaking generally, hi-laieraUy 
symm^etrical — ^that is, it consists of two similarly shaped 
and equal halves, right and left, each of which is made 
up of similar parts or organs. 

Before entering on the more minute study of the 
" house we live in," it is desirable to take " a run of 
the house;" the student should therefore endeavour, in 
the first instance, to obtain a clear idea of the " General 
Build of the Human Body." 

33. The Head, which forms the upper part of the body, 
contains — ^the hrain or organ of tJumght, sensation, and of 
the emotions — the organs of the chief senses — ^viz., those of 
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Dgbt, Binell, taste, and hearing, and the meduUa oUongaia, 

cr cranial pottion of the central nerroua axis. (Seefig. 1.) 

That portion of the head irhich contains the brain is 

termed tlie cranium, the remaining portion, theyiic^, Tho 
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month and nostrils open into the phtHripix; the dacta from 
the talivary glands open Into the month. 

34. The Trank, which forms the lai^ mass of the liody, 
may, in order to &cilitate description, be further dividml 
into an upper part, termed the thorax or chest, and a 
lower region, termed the abdomen. (See flK. 3.) The 
thoracic and abdominai cavities are separated from each 
other by a lai;ge thin miuettlar partition, termed the 
diaphragm, or midrib 

35. The Thorax or chest contains the Utoracic cavity, in 
vhich are lodged the heart, lungs, trachea, and portions 
of several of the larger blood-vessels (the aorta, vena cava, 
and pnlmonary vessels), and the dorsal portions of the 
ipinat cord, and of the bony axis by which it is protected, 
also a portion of the ces<^Aagvs (gnllet or food-pipe), and 
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the thoracic duet, and of tlie eympatJistte or ganglioutc- 
nerve-DTStem, not shown ia the diagram. 

The «pinal cord, which is a aort of continnation of the brain 
dowa the middle of the back-bone, ti-snsmits nerrons impressions 
to and mental commands /ram the brain to the yarions parta of 
tbe body. It also acta as an indepwdenl centre of motioa or 
rs/fex action. 




Fig. 2. Front view of the Organs of the Trnnlc. 
The toaUs of the thorax are streugthened for the more 
Becnre protection of their visceral contents by a bony cage- 
'work, consisting of the ribs, the dorsal portion of the 
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Ucb-bone, and the breast-bone. The itemum (breast- 
bone) and the front portions of the ribs (the cut end* of 
which are seen) are supposed to be removed in fig. 2, in 
order to expose the contained organs. 

The cavity of tlie thorax contains the chief blood-puri- 
fffing and blood-cireulalinff organs. 

36. TransrerBe Section of the Thorax. — The following 
diagram sufficiently explains the Btracture of the thorax 
and its eonlenU, as displayed by a section across the heart 
and lungs perpendicidar to the vertebral column (back- 
bone), the outer integument and layer of subcutaneous 
&t having been removed. 




Fig 3. TnuuvHse Section of tbe Thorai. 

(. Aoltil (jBcrn^lBll. /. Iril 'Liui(. t, LiK sVonSnu. I, Lril Mclim. «, LlII liiU K. UU, 

37. nie Cavi^ of the Abdomen, situated immediately 
helow the diaphragm, contains the liv«r, the stomach, the 
large and sm^l tntetines, SJid the bladder, also the lumbar 
portion of the back-bone and spinal cord, thspoTtereas, the 
^en, and the kidmtfs, not shown in fig. 1. The cavit/ 
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of the abdomen thus contains the principal hlood'/orming 
organs. 

38. Hints for Lay Students of Physiology.—Tlie young 
student should leam quickly to distinguish between the 
terms hodi/ and trunk. He should also make himself 
thoroughly familiar with the forms of the various organs, 
and the posiHona they occupy in the living body. He 
should study and draw the various physiological diagrams 
just as he would study a geographical map, and should 
always, where possible, avail himself of the opportunity 
of studying the actual organs they represent in the 
bodies of animals displayed by the butcher in his shop. 
In all cases he must make himself thoroughly /amUiar 
with each subject, especially with its nomenclature (tech- 
nical names), before he proceeds to the study of the 
next, or he will make his work needlessly difficult. He 
should also bear in mind that after once carefully 
reading the description of a particular organ, obser- 
vation or examination of the organ itself will give more 
real knowledge than many hours of laborious reading. 
He should also bear in mind that in the bodies of tho 
sheep, or of the pig, or even the rabbit (commodities of 
common food), he has the means of securing nearly all 
the opportunities for accurate observation requii-ed for 
the sound study of animal physiology. 

Of course, the structure of the bodies of these animals 
differs in many respects from that of the human body; 
notwithstanding this, it is easy, with the aid their study 
affords, supplemented with that of diagrams, to acquire 
in a most interesting manner a very sound knowledge of 
the /unctions of the human body, and of the general 
principles of Animal Physiology, 

39. The Extremities or limbs are attached by an upper 
and a lower girdle of bones, externally, to the trunk. 
They consist essentially of solid fleshy or muscular (con- 
tractile) organs, and contain no cavities similar to thoso 
of the head and trunk. 

The upper limbs or arms, which are terminated by the 
hands, possess great power of mobility — ^they are chiefly 
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organs of motion and pr^ermon. Their simchire will 
be explained more follj in describing the sbeUton or 
bony framework of the system. 

The lower limbs or legs, which are terminated by the 
feet, are, in the hnman being, mnch laiger and more 
powerfully bnilt than the upper limbs. Their chief 
Jfunctions are those of support and locomotion. 

The greater length, size, and strength of the lower 
limbs of man afford so many anatomical and physiological 
proofs that the erect position of man during walking is 
his natural, and not, as has been insinuated, his merely 
acquired position. 

40. The terminal expansions (the feet) of the lower 
limbs resemble, in general plan and structure, those of the 
hands, but differ chiefly in being less mobile and less 
perfect as sensory and prekensile organs. Their less pre- 
hensile power mainly results finom the feet that the 
bones of the great toes are not opposable to the bones of 
the remaining toes or of the instep; whereas the bonc-s 
of the thumbs are readily opposable to the bones of the 
other fingers or to the bones of the palms of the hands. 

Though in general the degree of manipulatiye power 
and skill possessed by the feet is many degrees inferior to 
that poss^sed by the hands, yet the effect of practice and 
training in augmenting the power of the former is most 
wonderful Tlie writer recollects, on one occasion in the 
picture gallery at Brussels, being astounded at the fJEurility 
of execution and power of handling the brush and the 
pencil shown by one of the artists then painting in the 
gallery. This gentleman, who was entirely deflcient of 
both arms, executed most charming copies of the leading 
works in the gallery, " handling " his panels, his canvas, 
his pencOs, and his pigments, exdusively by means of his 
legs, feet, and toes. 

41. The limbs consbt essentially of bony axes, sur- 
rounded by large masses or bundles of fleshy fibre, by which 
they are moved. They also contain whUi^, w^-looking 
cords or threads, the nerves — the " telegraph wires " — by 
whidi the command and the power to move are trans- 
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mitted, or as it were telegraphed, to the muscle, which 
thus becomes the obedient servant of the brain. 

The limbs are also supplied with large blood-vessels 
(arteries and veins), by which they are famished with the 
blood necessary for nutrition or self-repair, which has been 
previously described as the grand triuiaph of living over 
art structure. 

The large blood-vessels and the principal nerves of a 
limb take the direction of, and are situated for protection, 
near its bony axis. 

The general structure of a limb may be well studied by 
means of the leg of a fowl or a rabbit, even afler it has 
been served up at the dinner table. The tendons, the 
ligaments, and the fasdce, however, become more or less 
gelatinous during the process of cooking. 

42. Transverse Section of a Limb. — If a limb, say the 
leg, were cut transversely through its middle — that is, per- 
pendicularly to its general length — ^the student would 
observe, commencing from its exterior — 

a. A thin circular coating or integument, the skin, 

b. A circular layer of fat (the layer of subcutaneous fat). 

c. A large mass of red flesh, consisting of bundles of 

muscrdar fibre, each bundle having its own coat 
or sheath, the whole mass also being surrounded 
by its own smooth shining sheath or /a«cta. 

d. A central hollow, more or less cylindrical, bony 

axis, the interior being either empty or filled 
with medullary matter (marrow). 

e. Two or three large blood-vessels and nerve -trunks, 

situated close to the bony axis. 

All the stnictures here indicated may be readily seen 
in an ordinary leg of mutton, as sold by the butcher. 

43. Investing Membranes. — The exterior of the body is 
surrounded by the skin or outer integument, which con- 
sists of two layers — an outer bloodless and an inner vas- 
cular and sensory layer. 

At the mouth the skin enters the inJterior of the body, 
and its outer layer undergoing some modification^ it 
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becomes nuMou* memlraiie, -nlueb lines the open cavities 
in the body. 

The do»edca.\i- 
H^ are lined hy 
teroia membran es 
— BO called from 
the fiaid which ^'Ujni smt.-, 
&ej secrete and a 
by which Uiey an 
moistened. 

44. BIood-Tes- 
sels, Nerves, Ab- 
sorbents, and 
Glsnds.— For the °>^ ' 
jfmeralantrmand 
diatribviian oi 
the blood-vessels, 
the uerres, the 
abBorbenUorlsTa' 
phatieM {oi^ans 
which absorb or ^^ 
remove from the 
STStem the used 
np, or partiaU7(i^^3p.„„„„^i 
nsed np, mate- 
rials from the 
body), and the 
various aeenlori/ 
and exeretonf 
glands (oT|i;anB 
by which sub- 
stances are ela- 
borated and 
impurities are 

eliminated from ^fr ^ Th«oretio Tjoncitadiiud Bectton nl 
*Tn. >il>vu4^ (tifl HmnM Bodj', showing I>oraal wid VentnJ 
the blood), the iTalM. (After Huiley.T 

fltndent is re- Tki KUm b tulm jmmjrnirjrt, Umnth Uu 1MI« 

ferred to the gTCil^Sr^S^'^i^ S^S^^tTK 

illnstrating 5£i.'™S«J-^-'?-^^"'r.^-.'r^^-'^- 
these portions ctf the sjstem. 
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C«rebro-SpiiMtl Ncrroat 

AxitcouUiucd iu 

Neural Tube 






45. Double-tube Theoiy of Stractore of Animal Body.— 
According to the theorj now generally adopted by 

physiologistSithe 
body of a vertB- 
hrate (back- 

boned) animal 
^, . ^^^^™^-5^^^r consists essen- 

ChAln of Hympatheile y^^BfiVv^9i^^C x* il ^ J zv 

^^^ tially of a oouo^ 

tubCf the toalla of 
the tubes being 
united, but their 
cav^Utes separated 
by the bodies of 
the vertebrae. 
Tig, 5. Theoretic Transverse Section of the The posterior 

Human Body showing DorsalandVentralTube. nr «/rMv»r fn^A in 

(After Huxley.) O* UppCT XUU© IS 

termed the dorsal or neural tube or canaL It contains 
the brain and spinal cord (the cerebro -spinal nervous 

system). 



Una -ILi. 



Allmeutary CouoL - 



Heart. 




Keural Arch or Tube. 

V 



*-*j'»tniin. •— "•" 



The anterior or lower tube or 
canal is termed the ventral or hcemcd 
tube. The hoemal or ventral canal 
includes the face from the eyes 
downwards (the mouth and nose 
forming a double inlet), the hearty 
lungs, alimentary ca/naly and other 
blood-preparing organs, and the 
sTjmpalJietic nervous system, and 
other organs. 

The doul>le-tube is made up of a 
series of segments, termed vertebrce, 
w hich are built up or super-posed, 
the one on top of the other. 

II«emalircborTube. ^^' ^^® ^i^OreticoZ typicol VBT- 

IT- « m • -IV «* v '^^^ v®®® %• ^) ^3 supposed to 
I'lg. 6. Typical Vertebra, consist of two bony arches 

The different flegmente of the •„„„ ^„ l,^^^« "^ ttH^UCH, 

•^he.reOTei«»t(t3rpi«uy)v»riou« rmgs Or lioops, counectod bv a 
•xwj.^ -<» P'— ;* ^body or centrum. The one is in- 
tended to contain a portion of the nervous system, and 
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is therefore termed the neitrcU hoop or arch (from Gr. 
neuron, nerve); the lower hoop is intended for the pro- 
tection of a portion of the vascular system, and is there- 
fore termed the AcsitioZ hoop (from Gr. haima, blood). 

47. It is further supposed that the skull consists of four 
greatly modified vertebrae, in which the neural (dorsal) 
arches or hoops are greatly enlarged; also, that the a)>- 
dominal and thoracic cavities are more or less enclosed 
by vertebrcBy greatly modified by the addition of ribs 
(pleurapophyses), &c., which are regarded as mere exten- 
sions of the hcemal or ven^o/ hoops. The pelvis, which 
bounds the lower end of the ventral tube, is also regarded 
as consisting of rrwdified vertebra. 

CHAPTER III. 

THE SKELETON OB OSSEOUS SYSTEM — ^THE BONES 

AND LIGAMENTS. 

48. The Skeleton (from Gr. skello, I dry up) is the 
hard bony framework of the body. It consists of 200 
or upwards of separate bones, imited together by means 
of cartilages and ligaments. It, like the body, consists of 
Itead, trunk, and extremities, (See fig. 7.) 

The difference in the number of the bones, as estimated by dif- 
ferent writers, arises from the fact, that many of the bones are 
componnd, consisting of several parts, which in early life are 
qoite distinct from each other, but which later in life become 
more or less connected, so as to form single bones. 

The student should make himself thoi'oughly familiar 
with the general plan and structure of the skeleton, 
and with ^e names, positions, and shapes of its various 
bones, since the general direction, and the names of 
the bones, determine the direction and the names of a 
large number of the blood-vessels, nerves, muscles, <fec., to 
which they are adjacent. The whole of this may be well 
and pleasarUly taught to a class of students, of from twelve 
or thirteen years of age or upwards, with the aid of a 
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hlack^ard and d^eldonj by a good teacher, in the oonne 
of hoo lessons of less than an hour each. 

The thirtj-two teeth belong to the tegumerUary (skin) 
system, and not to the osseous system ; that is, they 
form no part of the skeleton proper. 

49. Properties of Bone. — Bone, as we usually see it 
out of the body, is a soHd, hard, yellowish-white, inflexible, 
tough, durable, and, compared with its strength, light 
substance. (See Osseous Tissue.) 

50. Living Bone, when exposed, as by wound or 
injury, as it exists in the living body, has a reddish or 
pink colour, due to the blood circulating in its larger 
capillaries. 

51. Composition of Bone. — ^Human bone consists of 
about one-third of organic or animal matter, and two- 
thirds of earthy matter. The animal matter consists 
chiefly of connective tissue, often improperly termed 
gdaiine, because it yields gelatine on boiling. It gives 
toughness to the bones. The Earthy matter, which gives 
hardness and durahUity to the bones, consists chiefly of 
salts of lime, chiefly phosphate of lime (calcium phos- 
phate), and carbonate of lime (chalk or calcium carbonate), 
of which there is nearly Ave times as much phosphaie as 
carbonate. It also contains small quantities of phosphate 
of magnesia (magnesium phosphate) and common salt 
(sodium chloride.) 

Experiment L — Place a bone on the top of a bright red-hot 
fire, until all the animal matter has been oecomposed or bamt. 
The residue, which consists purely of the earthy matter, will 
remain. It will be extremely brittle and inflexible, bat will retain 
the shape of the bone. 

ExPEBiHENT II. — Immerse a long bone for a few days in dilate 
nitric or hydro-chloric acid. The earthy matter will dissolve oat, 
leaving the flexible matrix of the bone^ consisting of animal maitei 
(connective tissue). The bone will now have lost its hardness and 
inflexibility, but it will still retain its toughness, and may now be 
bent or twisted into a knot.. 

52. Bones in InfEUicy and Old Age. — The qumUity of 
tofrthy matter in the bones, however, varies greatly at 
different periods in life. During infiEincy they scarcely 
contain any earthy matter, and are said to consist almost 
entirely of cartilage. At this period the bones are 

14 E. C 
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comparatively soft and flexible — ^they oonsequently bend 
easily, and do not brmk, 

53. Daring old age, however, the quantity of earthy 
nutUer increases very greatly : .the bones consequently 
become very brittle; and, i/br<^Ben, in many cases will not 
again unite. 

54. The lower we go in the scale of animal life the less 
the quantity of phosphate of lime, and the greatisr the 
quantity of carbonate of lime do we find in the skeleton, 
until at last the former almost entirely disappears from it. 

55. Classification of Bones by Shape. — Bones are 
divisible according to shape into /our classes, viz. : 

(1.) Long Bones, chiefly found in the limbs, where 
they form levers. The long bones beginning up- 
wards are the clavicle, humerus, radius, ulna, femur, 
tibia, fibula, metacarpal, and metatarsal bones, and 
the phalanges. 
(2.) Short bones, as the carpal and tarsal bones (those 
of the wrists and ankles.) They consist of an 
external crust of hard compact bony tissue, the 
whole of the interior of the bone being composed of 
loose or cancellated bony tissue. 
(3.) Flat bones, as the large bones of the cranium (the 
frontal, parietal bones, &c,), the ossa innominata 
sternum, &c. (See Diploe,) 
(4.) Irregular bones, that is bones which cannot be 
found classified under either of the preceding heads, 
as the sphenoid and ethmoid bones of the skull, the 
inferior turbinated bone of the nose, and the hyoid 
bone of the tongue. 
66. Division and Growth of Long Bones. — ^All the long 
bones consist of a shaft and two extremities. 

The Shaft or Cylinder is a long hollow cylinder, the 
thick walls of which are composed of compaci bony 
tissue. The hollow space in the interior, which contains 
the fnarrow, is termed the meduUary canal 

The upper extremity of the large bones is termed the 
^^ckl of the bone. The two extremities are usually 
much expanded, frequently forming eondiflei (from Or. 
^ondHh9 knuckle). 
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The Long Sonet grow ia ihidenMa by the depositioa 
of new bony matter in nuxarive layers, by tJie inside 
of the perwatetan, or the mitaidt of the bone. 

The long bonet grow ia ImglK &om the mda of th^ 
Aa/i». The txlremiiits, termed the epifhymt (from 
Gr. epi, upon, and fiato, I grow), of the long bones 
are, until advit age, when the bones have ceased to 
grow, aeparaled fi'om the ihafl by a kind of autilaginout 
kyer, which dips in between the ends of the shaft and 
the epijAytet or eztremitieB. The grmeth, in UiufA, of 
the bone takes place in this cartilaginous layer, chiefly 
in the gurfaee towards the end of the ^utft. 

57. Periosteum (from Gr. peri, round; otleon, bone). 
The exterior of the bone, except the parts covered bv 
uljcnlar cartilage, ia lined by a tinn, firm, tougn 
vascnlar membrane, consisting of white fibrous tissue, 
termed the periofletun. When the perwleum at any 
portion of a bone ia seriously injured, tueroiu, or death 
of that portion of the bone sets in, becanse of the 
interruption of its nutntion. 

The peristeum serves — Ist, As a medium of attach 
ment to the bono for the muacleg, tendoru, uid ligaimntt; 
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2nd, It lessens friction by making the surface of the boi 
smoother; 3rd, It constitutes a medium, or nidus, i 
which the blood-vessels intended to nourish and vivij 
the bone ramify and break up into smaller branchi 
before they can enter the minute orifices in its sur&n 
and be distributed through its substance. 

58. Processes (from Lat., pro, before; and cedo, 
go). — The various eminences, projections, protuberance 
&c., projecting from the surface of the bone for tl 
cUtachmerU of muscles, tendons, or ligaments are terme 
processes; as the occipital, the odontoid, and the masUn 
processes, and the trochanters oiihefemv^. 

59. The Head, which is mounted on the atlas or to] 
most bone of the vertebral column, consists of the bom 
of the cranium, and of the /ace, 

60. The Graniiun (from Gr. kranion, skull) is tl 
oval bony shell, the brairircase, by which the hrain an 
medulla oblongata are enclosed and protected. 

The cranium consists of eight bones, viz. : the Jranio 
bone, the two parietal bones, the two temporal bones (th 
temples), the occipital bone, the ethmoid, and the sphenoii 
bones. The two latter bones, not shown in the diagram 
are situated at the base of the skull, over the back of th< 
root of the nose. (See Fig. 8.) 

The essential parts of the ears are contained in th< 
temporal bones. The eyes are lodged in the orbits, Th< 
orbUal plates are formed by the union of the bones of thi 
skull and face. 

The skull is regarded by philosophical anatomists a 
consisting of four modified vertebrce, each of which form 
part of the double tube of bone previously referred to. 

61. The Dura Mater is the dense, thick, indasti 
membrane which lines the interior of the skull, am 
forms tYiQfdlx, tentorium, and venous sinuses of the brain 

62. Diploe (from Gr. diploos, double).— The loos( 
cancellated bony tissue represented by the shading in th< 
middle of the bones of the skull, in &g, 1, is termed th< 
diploe. The flattish arched bones of the skull consist o 
two layers or tables (an outer and an inner) of hard oi 
compact bony tissue connected by a diplous or cancellatec 
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layer. By this arrangement of structure, the bones of 
the skull are not only ^^A^^netf, but external injury or frae- 
twre is frequently prevented from passing to the interior 
of the skull. Most of ihejlat bones possess this structure. 

63. Sutures, (from Lat. siWy I sew). The bones of 
the craniwn andybce are joined immovahly to each other 
by means of dove-tailed or somewhat serrated edges ; the 
bones being presented edge to edge, the projections of the 
one bone fitting into corresponding indentations of its 
adjacent bone, much in the same way that a cabinet- 
maker unites the sides of a well-made box or drawer to 
each other. Thea% joints, termed sutures, owe their name 
to their sewed or seamrliice appearance. 

The bones of the cranium grow from their edges, by 
which they thus adapt themselves to the increasing size 
of the growing brain. 

Where the bones do not properly meet edige to edge, 
but overlap each other like the scales of a fish, they are 
termed squamous (from Lat. squama, a scale), sutures. 

The sagittal suinire connects the two parietal bones, the 
eoroncd suirure connects the frontal and parietal bones, 
the lamhdoidal suture unites the occtpt^ with the parietal 
bones, and the squamous suture unites the temporal with 
the parietal bones. 

64. The Face contains fourteen bones, viz. : — ^two nasal, 
two upper m>axiUary (jaw), one lower maxillary, two malar, 
two palate, two lachrymal, one vomer (septum of nose), 
and two inferior turbinated bones. The fiice contains the 
eamties of the mouth, nose, and eyes, the cavities of the 
latter being termed the orbits, thus together enclosing five 
cavities, wMch contain the organs, sight, smell, and taste. 

65. Tht Hyoid Bone, or the tongue bone, is the U- 
shaped bone situated between the tongue and the larynx, 
to which the muscles of the tongue are attached. 

66. The Vertebral or Spinal Colmnn is the long, bony 
double tube or column, which, giving support to the head, 
passes down the median line at the back of the trunk, 
and joins the pelvis at the lower end of the trunk. 

It consists of twenty-four invmovahle vertebrae, the 05 
sacrum, which consists of five imperfect fixed vertebrae, 
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united into one bone, and the o» coceygii, which con- 
tains ibiir imperfect rertebne. The ^nal eolAtmn thtis 
contains in all thirty-three 
vertebr», consistrng of 
seven eervieal (neck), 
twelve dorsal (book), five 
lumbar (loina) vertebra] 
bones, together' with the 
M sacnera and oa eoceygi$, 
which areall olearlyshown 
in fig. 9. 

It will be observed on 
examining the dit^ram of 
the vertebral column, that 

the vertehro! increase in 

"™«se atodetr^igthdoumKord, 
because of the greater bur- 
den they have to bear, 
thus affording additional 
structural proof that the 
erect is the position natural 
to man. It will also be 
observed that the trans- 
verse and lateral proceMM 
become larger, especially 
.mbuat the loins, for the attach- 
ment of larger and more 
powerful muscles. 

67. A Vertebra (from 
Lat. verlo, I turn) is a 
single complete segment of 
the vertebra/ colvmn, or 
ferny aaia of the tnmk. It 
is one of the irregv,lar 
bones: its aiaentiai parts 
are the body or centrum 
(its anterior segment), and 
a posterior segment, the 
arch. (See figs. 10, 11.) 




Tig 9 Vertebral Colmnn. 



A VXBTEBKA. 



Bnt the vertebra &lso usually contain tr o Kiverm and 
tpinous proce»»e» for the attachment of the muscle* bj 
which ihe body is gupported, beat, and turned ,- UUerat 




Fig. la Top of a Tertehn. 
nokltet by the superposition of which the interrerUbral 
faramiTia. (lateral apertures), by which the wpinal nercu 
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Fig. IL Side of a Vertetea. 
leave the tpinal eano^, are formed — artieular mrfatl» and 
faetis, by which they are joined to «2cA <^her and to the 
tiba. 

The hodiee or eenirama are held together, one over the 
other, by the xnttTBertebrat layers of _fibro-eartilage, their 
arches being connected by the ligamenia mJj/tava of 
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the vertehral column. The spinal /aramen (hole) of each 
bone also being superposed, form the spinal or vertebral 
canal, which encloses and protects the spinal cord. 

By this arrangement, each of the twenty-four movable 
vertebrse thus yielding a little, a considerable amount 
of bending and torsion of the vertebral column is secured 
without injury or compression of the enclosed spinal 
cord. If the spinal column were bent suddenly and 
sharply as in the case of the elbow (a hinge joint), the 
spinal cord would be compressed, immediate paralysis 
would be produced, and the body would instantly fall. 

The bones of the head are supposed to consist oi four 
modijled vertebrce, as previously explained. 

68. The Pelvis (Lat. a basin) is the girdle of bones at 
the lower end of the trunk which supports the contents 
of the abdomen, and transmits the weight of the body 

OsSAcmm. 
- I 



Ilium. •• 



Cavity of PelviB.-- ^fifeSfeJL^--^6i^ le« Ace abu'um. 



Tubes. Cbtnmtor Forunen. 



Fig. 12. The Pelvis. 

to the lower limbs which are attached by the rounded 
heads of the femoral bones. 

It is formed by the junction of four bones — ^the two 
ossa innominata, the os sacrum, and the os coccyx. 

The 0880, innominata are the two Jiip hones of the pelvis. Each 
hip bone contains a deep round cavity, the acetabulum, into which 
tbe^ large rounded head of the os fem^oris (thigh hone) fits, and in 
which it ia retained by the ligamerUum teres (round) the cotyloid 
and other ttgaments. 
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The Muraior /orma^n is a Ism holt in the Ais bone throngh 
vbich tiie iorge U«>d-«MwE«, and the obtumior and Ktotie nerves 
pta to the 1^. It also aervea to lighten the pelvis. 

69. The Thorax is the osseocartilaginous conical or 
kehiTe-shsped caee, which contains and protects the 
principal oi^ans of circnlation and respiration. 




Fig. 13. The Bohm of the Hmntn Thorax. 

It consists of the titmum (breast-bone), the lower 
end of vhich is cartilaginous (gristly)— the twelve pain 
of riit (more or less movable) joining tlie vertebra 
behind to the sternum in front — the twelve dorsal 
«rte6n». 

70. The Costae or BlbB are elastic bony arches. Tbey 
comprise seven pairs of tme ribs and five pairs of /o&fl 
ribs. 
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Th« frM ribt are niuted tKrtc&f iritb the ikraam I7 n 



Th% false ribs conaist of three pairs of ribs whic] 
are joined indirectly to the Btomum — that is, the eotta 
cartilaget, by vhioh their anterior ends are terminated 
join the cartilageH of the hist (Beventh) pair of the tru 
ribs, the latter oal; uniting with the alemum; and tw< 
pairs, termed the Jloating ri&s, wMeh are not joined t 
the slemum, and luve no cortal cartilages. (See fig. 13. 
»''<>•■ 71. The Scapnla o 

1'^^^° ahoalder blade is ai 
y^,^ irregularly, some 
ptooMi ^hat tnangala 

^'"^f shaped bone. It i 
situated at the bad 
of the apper mde 
the thorax. Its heaa 
which is turned out 
wards, contains 
ahaUmo cavity o 
socket, the gletuni 
cavity, into which th 
head of the kumem 
ia articulated. It i 
^■14. Posterior ViewoflUglitScapiilk: retained in it3 posi 
tion by the elamde, which is joined to its ocrotntoi 
extremity, 

The Kapula hu two well marked pnwwftM— the ncrwnio 
llW^™ 1 "J"™"* of the Bhonldor, and tha eoraeirid prwsea, 
th^,& If^J'^T^*?'' ?{ **" l'™« ""^y *"" '■s" studied in th 
«iiouider blade of t, ahonlder of mntton. 

letl«; V't ^^'l"'*' *"• °°"*'^ ^o'l^' ^ t^'Q long ourve, 
ZSh/t^^^"^ ^""V^y "^^'"^ *^« shoulder-bLle, an, 
■«"th It the arm, are kept in their places. (See fig. 7^ 

73. The Ai™ and Hand contain (not counting th, 
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sesamoid bones) thirty bones — viz,, the a kumerui, the 
OS ulna, the os rctdius, the eight earpdl (wrist) bones, tho 
five meUKorpal (palm) bones, and Uie foorteen phalangei 
of the fingers. 

74. The Hameras (from Lat. shonlder), or bone of 
the upper arm, is a long, somewhat cylindrical or pris- 
moidal hollow bone. At its upper extremity it is 
expanded into a globular form, the head, joined by a 
ball-and-^ockei joint to the scapula. At its lower end it is 
expanded into two condyles, at which extremity it is 
atticulaied (jointed) with the tdna and raditu of the 
lower arm. The intermediate portion is termed the 
Aqfi. (See fig. 15.) 

75. Ilie Ulna (firom Gr. oUne, elbow) is the larger 
bone of the fore-arm. It is a long prismoidal bone; its 
upper extremity articulates by a hinge joint with the 
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Fig. VS. Hameras. 
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PifiT. 16. Badius and Ulna. 
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iMmtTM It also articulates with the rad.V.. Apro- 
S^ed the oiwrarwn prevento the radius from 
bending too &r back. ^^ ^^ jj^^. 



76. TheBa- 
diTis or ^oko- 
bone i» the 



-what curved 
prismoidal 
bone of the 
fore-arm, to 
vrhich the 
hand ifl joined 
by the bones 
of the wriM: 
its upper end 
articulates 
■with the hum- 
enw. (Seo 

figs. 16, 17.) 

77. The Car- 
pal Bones con- 
PiB. 17. Bones ot the Wrist and Hani Bist of the 

eight bones which, arranged in two root of /our each, and 
united by means of ligaments, form the cairpvs or wnst 

78. The MetacarpiS Bones are the five email pns- 
moidai bones which form the palm of the hand. They 
are united to the^s( row of the phaianget of the fingers 
hy hinge joints. (See fig. 17.i 

79. The Phalanges of the Hand are the fourteen pris- 
moidal bonea of the fingers. They are articulated, three 
to each finger, except the thumb, which only contains 
two pAatony«, by means of Ainj« joints. (See fig. 17.) 

80. The Lower Eitremities, including the thigh, leg, 
and fool, comprise (excluding the aeaamoid bones and 
two paldlce) twenty-nine bouea in each limb, viz. : — The 
o»femoTiM (femur or thigh bone) tibia.fibula, the seven 
^W bones, the five meiataTaai bones, and the fourteen 




phakmgea of the toes. 
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,Plt for attacfamAt at 
' Lismmeutoia Tenau 



Lcner Trodiaatcc^ 



— Blaan. 



81. The Os Femoris (from lAi.femuir, the thigh) is the 
largest and strongest bone in the skeleton. At the top 
of its large globu- ~ " — »-- 

lar hetld is a de-onatTrodtattter. 

pression, in which 
is inserted the end 
of the ligamerUum 
tares, one of the 
ligaments by which 
it is retained in 
the acetabulunL 

82. The Tibia 
(Lat. a flute), or 
tJ^T^don^^originallj 
80 called from its 
supposed resem- 
blance to anancient 
musical pipe, is the 
long prismoidal 
rertical bone which 
forms the^^noiU and 
inner side of the 
lower leg. After 
the as/emaris, it is 
the latest bone in®"*- **««»''•■ 
the body. Its head 
articulates by a 
^171^ joint with 
the femur. Its ^'^' ^ The Eight Femur. 

lower extremity articulates with the astragaltis (one of 
the tarsal bones). (See fig. 19.) 

83. The Fibula (Lat. a bucUe), or splint-bone, is the 
long slender outer bone of the leg. It is parallel with 
the tibia, being immovably attached to it by its upper 
and lower extremities, in order to increase its strength. 
(See fig. 19.) 

84. The Tarsal Bones (from Gr. torsos, sole of the 
foot) comprise the seven irregularly shaped bones which 
form the heel, the ancle, and part of the sole — ^viz., the 
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Two Condyles. 
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0* ca&M, adragaivg, ciAoid, aeaphoid, and the internal, 
middle, and external canafarm bones. 

65. The Hetatar- 

eal Bones (from Gr. 

* meta, beyond, and 

tanoa) comprise tbo 

five long bones 'which 

form the Imoer instep, 

or front part of the 

arch of each foot, 

(See fig. 20.) 

86. The PbaUttgea 

iFibuiL of the Foot, or the 

toes, are the fourteen 

bones of the toes 

■which correspond in 

number with those of 

the band. The two 

phalangei of the big 

too differ, howeTer, 

^^^^ in articulation from 

iSK^'MtLi'Kfui!''y**'B Lmr^r^.imnii,^. those of tho thumb, 

uj ajiooLm ^ jjg^. being oppofl- 

Fig. 19. The Left Tibia and Xlbulo. able to the rest of the 

foot. (See fig. 20.) 

87. The Ligaments (from Lat, ligo, I bind) are the 
flexible, very pliant, but tough, inexteneible, whits, shining, 
somewhat silvery-looking bajida of whit* fhnyaa (con- 
nective) tissue, by which the ends of the movable bones 
are connected together so aa to form the movahU joinU: 
as the ligaments of the wrist and the foot, tho tnmaoerM 
Ugamtnl of the atlat, the glenoid ligamtnt of the 
shoulder, the ligam^ateni teres, and the capttdar HgMnent 
of the head of tbe thigh bone, Ax. 

Some few ligaments, as the ligatnmia m^flma (frem 
Lat. Jlamt, yellow), which connect the adjacent ovAm 
of the vertebne, and the Ugamaititm nucha of the neck 
of the horse, the rudiments of which only exist in man, 
consist almost entiiely of j/iUow «IcwfK; timie, la these 
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cues the elasHeitj/ of the ligBment is inteaded to act as 
I puidal substitute for mracuiar power. 




Tig. 20. Bones of the lUght Foot. 

Far Articular Cartilages and SynoTial ; 
Amuil Mechanics. 
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38. AnalysiB of the Animal Body .—If the body of one of 
the higher animalB were first aeparated into its various 
eompbU partfl, only such partB being considered complete 
and distinct which, like the eyes or the stomach, per- 
formed a special and distinct office or daty, such a part 
would constitute an organ. 

If such a part or organ -waS again snbmitted to disin- 
tegration, by irhich it ma resolved into its simplest or 
most elementary structures, snch structurea 'would ooo- 
Btitute th6 tietuee of the organ or body. 
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If the tissues were again reduced to a simpler form, so 

that aU traces qfstnicture discqtpeared, the substances thus 

obtained would constitute the proximate or organde 

principles of which the tissues were composed — as aJbunien^ 

fihririy <kc. 

If the organic or proximate principles were again in 
their turn disintegrcUed or decomposed, so that the elements 
entering into their composition should be ultimately 
reduced to their simplest and most elementary state, the 
substances thus obtained would constitute the ultmuUe or 
cliemical elements of the tissue or of the bodj, as oxygen^ 
carbon, nitrogen, phosphorus, sodiwm, &c. 

89. A Chemical or Ultimate Element is therefore a 
substance which cannot be decomposed or s^paraied into 
any simpler form of matter than itsel£ 

Chemists are acquainted with sixty-four or more 
elementary substances. Of these, however, only about 
one-fourth have been found as constituents in the animal 
body in any appreciable quantity. The following are 
the chemical el&>nents which may be obtained by the 
cliemical analysis of the human body: — Oxygen, hydrogen, 
carbon, nitrogen, sulphur, silicon, phosphorus, chlorine, 
fluorins, potassium, sodium, calcium, magnesiunh, iron, and 
possibly manganese, and one or two other elements. 

90. Organogens (from Gr. organon, an instrument] 
and genruio, I produce).— The bulk of most onunoi 
and vegetable substances is composed of the first Jbui 
elements named in the preceding list — ^viz., oxygen 
hydrogen, carbon, and nitrogen — ^these bodies have there 
fore been termed the organogens. 

91. Oxygen is the most abundant element in tin 
universe, forming m^ore than one-half of the knowi 
crust of the earth, eight^inths of all the water thai 
exists, and upwards of two-thirds by weight of the humar 

Oxygen, when A^^— that is, in its pure and gaaeoui 
state—is a colourless, toj^less, odourless, transparent 
xnvisible, respirable gas. ft is itself uninflammable, bui 
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is the best gupparter of combustion of common inflammable 
substances known. It is also a supporter of life, and is 
capable of entering into chemical union with most of the 
other chemical elements. 

In appearance, and by smell or taste, oocygen is indis- 
tingaishable from common atmospheric air. 

ExFXRnnEKT L — ^Kindle a long splinter of wood, blow ont the 
flame, and then plnnge the red-Kot end into a hotUe of oxygen: 
it will be immediatelv rt-Jandled, and will bum with ^[veat Yi^onr 
and splendour. In this way oxygen may be reaeKly distinguiSied 
from common air, 

ExPKBiMENT n. — After the match has been bamin^ for a few 
seconds, ponr in a small quantity of dear transparent iame-vater: 
it will immediately become white and tuH>id, showing tiiat the wood 
has become oxidized^ the oxygen having combined chemieaUy with 
its carbon, and formed carbonic euMi gas; another portion of the 
oxygen will also have oxidized its hydrogen, and formed water. 
Oxygen gas snpports life by oxie&sing or combining with {burning) 
the tissues. The products of this combustion or oxidation either 
pass off from the body in the gaseous form, as carbonic add, the 
vaporous form, as aqueous vapour, or in the liquid foim, as solution 
qfurea, 

92. Hydrogen (from Gr. hudor, water ; and gennao^ 
I produce) is a chemical element, which is never found 
free in nature. When uncombined with other elements, 
it is a colourless, tasteless, odorless, transparent, invi- 
sible gas. It is highly inflammable and respirahle, but a 
non-supporter of life and combustion. When burrU (oxid- 
ized) in air or oxygen gas, it produces watery vapour, 
great heat being evolved. When faUy substances are 
dowly oxidized in the body, the hydrogen contributes to 
the animal heat. The hydrogen of sugar, starch, and 
gum, being already fully oxidized, cannot contribute to 
the animal heed. 

Expsrhoent. — Hold, for a moment or two only, a cold glass 
tumbler over a candle or gas flame. The sides of the tumbler 
immediately become covered with a deposit of dew (condensed 
aqueous vapour). The water is formed by the combination of the 
oxggen and hydrogen, in the proportion of one atom of the former 
to two atoms of the latter. 

08. Water consists of the oxide of hydrogen (hydrio 
14 E. D 
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oxide). It is, as jnst shown, produced whenever hydrogen 
or anj of its compoonds are burnt. It exists largely in 
nature in the form of a transparent, colourless, inodor- 
ous, tasteless, bland liquid, which boils a^ 100° Centigrade 
(21 2» Fahrenheit), and/r«55W at 0» Centigrade (32*» Fah- 
renheit). It forms a very large proportion of the 
substance of all living animal bodies, and, though in 
itself it is quite inmUrUious (containing no carbon or 
nitrogen), an adequate supply of it is essential to life. 
The animcU Iieat is kept down to its proper limit or de- 
gree by the escape of toaier in its vaporous condition, 
which thus carries off the excess of hecU, The chemical 
symbol of one atom of water is Hj 0. 

94. Nitrogen (from Gr. nitrony saltpetre ; and gennaOf 
1 produce) is the most characteristic element of cmimal 
substances. It has therefore been described as the hcLsis 
of the animal tissues — ^being to the (mimol world what 
carbon is to the vegetable world. 

In its uncombined state, it exists in the form of a 
2)ermanentf colourless, tasteless, inodorous, invisible re- 
spirahle gas, remarkable for its series of negative proper- 
ties. It is inflammable, and will neijther support life nor 
combustion. Its most important ordinary compounds 
are nitric add (nitric anhydride or pentoxide) and 
ammonia. The former consists of nitrogen and oxygen 
(Ng Og), the latter of niin'ogen and hydrogen. It also 
forms the principal constituent in bulk or volume of 
the atmosphere, though its action is purely negative. 

It is an essential constituent of the proteids, and of 
the so-called Jleshrformvng, albuminous or plastic food. 
Without nitrogen the tissues could not be repaired. 

ExPEBiMEKT L — ^Gret a wide-monthed bottle, contaiiung cotti- 
mon air only, also a stand, to support a small piec^ of pJiosphortuf, 
about three inches, over a basin of water. Kindle the phosphorus^ 
and immediately place the bottle over the burning phosphorus, 
its mouth inverted^ and a little under the water. 

The phosphoraa at first bums brilliantly, but is speedily extin- 
gnishea; the water now quickly rises inside to about one-fifth the 
height of the bottle. Allow the white fumes to subside: the 
o)ear transparent ^as which npif fills the bottle is nitrogen, 
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ExFKBmsirr IL-^-PIiiiige a Bghled match or candle into the 
bottle, it is immediately exUnguiahed, ahowing that it does not 
BDpport combustion. 

The last experiment shows that nitrogen gas is a 
mere diluent of the oxygen of the atmosphere; or, in other 
▼ords, that it plays the same part in diluting and 
lessening the energy of the oxygen that the water plays 
in diluting the spirits in a glass of toddy. 

95. Ammonia (spirits of hartshorn) is almost invariably 
obtained by the decomposition of animal or vegetable 
matter, containing nitrogen either dowly^ at ordinary 
temperatures, or quicMy, by the application of heat 

In the form of gas it is colourless, transparent, and 
invisible; has a very strong, peculiar, pungent odour ; is 
very irritating, and is irrespirable. It is very soluble in 
▼ater, forming with it a strong (tqueous solution^ having 
all the chemical properties of the gas. This is usually 
Bold as ammonia. 

It is strongly oZ^tTid turning red, betimes blue. It 
exists in the atmosphere in minute quantities. It is 
from the ammonia in the air that plants obtain their 
nitrogen. 

One molecule of ammonia consists of 1 atom of nitrogen^ 
or 14 parts by weight, chemically united with 3 cUoms, 
or 3 parts by weight of hydrogen. Its chemical symbol 
is N H3. 

The urea whicb leaves the body, carrying with it the 
toaste nitrogen of the tissues, afterwards splits up into 
carbonic acid and ammonia. 
98. Atmospheric Air (See Bespiration). 
97. Carbon (from Lat. carbo, coal), is usually regarded 
as the chemical basis of the vegetable world. It is one of 
the principal constituents of most vegetable and animal 
substances. 

Grood charcoal consists almost exclusively of carbon; 
but it exists in its purest known form in the diamond. 

Carbon in its free state is a solid, infusible, fixed, in- 
soluble, comhust'S>le substance, having a strong attraction 
for oxjgen, with which it readily combines at a high 
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temperature, produomg ccbrhonio acid gas (carbon 
dioxide). 

It is an essential constituent of all food stuffs, espe- 
cially of heal-formingy fuel, or respiratory food. (See 
Food.) 

98. Carbonic Acid Gas (carbonic dioxide) is the 
noociouSf and, when pure (concentrated), irrespiraible gas 
which is given off from lime-kilns, efiTervescing soda- 
water, ginger-beer, champagne, &c; or when strong 
vinegar is poured on to chalk, or on to egg-shells; and 
which is produced when wood, coal-gas, and ordinary 
inflammable substances are burnt. 

It is also produced during respiration, and forms 2| 
to 5 per cent, of the air expelled from the lungs. 

It is a heavy, transparent, colourless, uniriflammdJble 
gas, and is also a nonrsupporter of life and comhustum, 
extinguishing flame, and, when inhaled, quickly pro* 
ducing death from sujffocation. It has the properties of an 
ocie/, turning solution of hhie litmus red. It is soluble in 
water and in the blood. 

Carbonic a,cid is a very heavy gas, and therefore tends 
to collect at the bottom of old wells, caves, beer vats, 
&c., sometimes producing fatal results, when men enter 
them carelessly before ventilation. 

Each molecule of carbonic acid contains 1 atom, or 
12 parts by weight of carbon, chemically united with 2 
atoms, or 32 parts by weight of oxygen. Its chemical 
symbol is C Og. 

Experiment L — Introduce a small quantity of powdered car- 
bonate of Boda, or powdered chalk, or '* whiteoinp^" into a large 
wide-mouthed bottle, and pour some strong vinegar into it. Tne 
powder will immediately begin to effervesce. After a few moments, 
introduce a lighted candle or match into the bottle, it will im« 
mediately be extinguished by the carbonic acid evolved. 

Experiment II. — Hold the mouth of the bottle containing the 
effervescing mixture over the mouth of a glass tumbler. Plunge 
a lighted match or taper into the tumbler: the flame of the canoQe 
or match will be immediately extinguished, as before, — ^thus 
showing that carbonic acid is much heavier thui common air; 
and consequently, though gaseous, may be poured from one vessel 
into another. 
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00. Potre&ction, Decomposition, and Decay after death, 

consist of the series of changes which ensues in most 
complex organic (especially nitrogerums) substances, under 
the combined action of toater and oxygen, by which they 
first split up into simpler forms or compounds, and 
then become more or less oxidized. The offensive odour 
evolved from bodies passing through this state of rotten- 
ness ifl chiefly due to the presence of carhon, sulphur, and 
phosphorus, the larger portions of which are eliminated 
in the form of ca/rhuretted, sidphuretted, and phosphuretted, 
hydrogen gases. 

100. Nitrogen is distinguished by its feeble power of 
^emical attraction for the other elements in its com- 
pounds; therefore the latter tend speedily to breakaway 
from it. Oxygen, on the other hand, characterized by 
its powerful attraction for these elements, promotes this 
process of splitting-up by, as it were, chemically pulling 
them aivay from the nitrogen to itself. 

101. Incidental Elements. — In addition to the organs 
ogens (sec, 90), which are essential elements of the animal 
body, a number of other chemical elements, as previously 
stated (sec. 89), are usually present. These are describee/ 
as the Incidental Elements, among the more important of 
which are sulphur, phosphorus, chlorine, sodium, calcium, 
and magnesium, the latter of which form the bases of the 
earthy salts so largely present in the body. 

102. Minend Compounds. — The principal mineral com- 
pounds of the body are sodium chloride (common salt), 
and a calcic phosphate (bone phosphate of lime), of which 
there are 6 or 6 lbs. in the body, calcium carbonate, and 
sulphate (carbonate and sulphate of lime), and the alka- 
line carbonates and phosphates. 

After much menial exertion or nervous exhaustion, the 
quantity of the phosphates excreted in the urine as acid 
phosphates,increases very greatly as the result of nervous 
tissue waste. 

It may be as well to state, for the benefit of the non-chemical 
reader, that the saUa here mentioned are simply compounds of 
lodimn, lime, magnesia, &c., with chlorine, sulphuric, phosphoriq, 
carbonicy or other acids. 
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103. EndosmosiB, EzomiDds, 
impulse) is a spedes cf ; ' 




(firom Gr. lumog, 
at action wMcIi 
prevaUs lai^ly in 
Uving bodies, mora 
especially in the 
yarious proooBses of 
mUritian, aecretim, 
and reipunUiott. 

Ostnosii is the 
action or process 
by which two 
different Uquida 
separated from 
ea«h other by a 
porotu solid, or 



fn«m&rane will pass 
through its sub- 
stance and mix 
together on either 
side of it. Usually 
a very much larger 
proportion of the 
one £aid than of 
Fig. 21 . niiutration of Osmoda. the other poMea 

through the membrane. 

ExpERiuENT. — Procure a glatt WMel, a glati tube with a small 
bore and a curved end, a mtaU Uadder, aome tuattr, and eoiue 
lUcohoi (apirita of wins). FiU tbe Teasel tno-tiilrda full of water, 
tie the bladder to the lower end of the tube, fill it with alcohol, 
and immene it in the water. (See Gc. 21.) The water will pcui 
in through the walla of the bladder b^ endormtma until the tube 
not only becomes full but over£owa in dropa, wbicli may be col- 
lected and measured, in which case the inatrument becomes an 
endosmtUr. A TeryBoiaU quantity of the alcohol pa jaea out of tho 
bladder by exoamosia. 

If a IMn coUadion bag were substituted for the bladder, the 
proceea would be reversed, and much more alcohol wonld pass out 
of the collodion hag than water would pass in. 
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The two Greek prefixes endo^ iii| and txo^ out, show 
the dirfidi&n, in which the liquid passes. 

Mixed solutions may be analyzed on this principle; 
the process is then termed dialysis, 

104. Dif^sion of Liquids and Gases.— When two 
liquids or gcises of unequal densities are mixed, they will 
interpen*etrate each other's substance, the lighter gas or 
liquid proceeding downwards, the heavier gas or liquid 
upwards o^amsf gravity until they are uniformly mixed. 
In this way more heavy carbonic acid may be found on 
the tops of the highest mountains than on the level of 
the plains below. 

It is by this principle of diffusion, which is covemed by definite 
laws, that the fresh air taken in daring each inspiration mixes 
with the air in the long sacs, the stationary air, in the language of 
Professor Huxley, acting ** the part of a middleman between the 
two parties — ^the blood and the tresh. tidal air," 

105. A Proximate Principle is an organic compound 
which enters into the substance of a tissue or organ. Its 
molecules are exceedingly complex, usually containing 
the four orgcmogens lihited in very complex proportions, 
together with small quantities of sulphur and phos- 
phorus. 

Proi^jmiate principles comprise two kinds — ^the nit/ro^ 
genouSy termed the proteids, and the Tum-nitrogeruyus, 

The principal nitrogenous proximate principles which 
enter into the composition of the animal body or its 
secretions ai:e albumen, fibrin, syntonin, casein, globulin, 
hsematine, gelatine and chondrin, and keratin. 

106. Albumen (from Lat. albus, white), is the chief 
nitrogenous constituent of the blood and the " white of 
eggJ^ It derives its name from its opaque white appear- 
ance when boiled. It is soluble in alkaline solutions. 
In its ordinary state, as in the serum of the blood, it 
coagulates when acted upon by heat or acids. 

107. Fibrin is a nitrogenous substance wliich closely 
resembles albumen in its chemical composition and 
properties; it differs from it, however, in being «/07i- 
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tcmeoualy eoagulatle. It forms ihe net-work in blood- 
clot. It derives its name from its spontaneous tendency 
to form fibres. 

108. Syntonin is the variety oi fibrin constituting the 
bulk of musmUx/r fibre, 

109. Casein (from Lat. caaeus, cheese) is the charac- 
teristic, most valuable and nutrUiovs constituenf of milk. 
It is separated as curd, on the addition of acid, or, when 
milk turns sourf from the conversion of its tugcvr into 
lactic add. Casein is chemically identical with the 
legvmen of beans, peas, and lentils. 

110. Globulin is simply that variety of albvmen of 
which the red corpuscles of the blood are chiefly com- 
posed. It exists in the crystalline lens of the eye as 
crystaUin, 

111. Gelatin (from Lat. geiuy ice), though possessing 
the general properties and chemical composition of the 
prateids or albuminoids, probably does not exist in the 
body until it has been developed by the prolonged action 
of boiling water on flbro- cartilage, the skin and other 
substances containing white fibrous tissue. 

Isinglass, size, and glue are forms of gelatine. Its 
solutions possess a remarkable power of solidifying on 
cooling. A hot aqueous solution, containing only 1 
part of gelatine to 99 parts of water, will solidify into 
a jelly on cooling. 

112. Ghondrin (from Gr. chondros, cartilage), in general 
resembles gelatin, but is obtained by the action of hot 
water on true cartilage, 

113. Keratin (from Gr. keras, horn), is the peculiar 
principle of the homy tissues, including horn, hair, 
hoofs, and whalebone. 

114. Protoplasm or Bioplasm is the general term 
applied to the supposed nU/rogenous albuminoid or proteid 
substances or bases, or formative matters, out of which 
the various tissues are built up. It is supposed to be 
present in the bodies of all living animals and growing 
tissues, and has been variously termed sarcode, blastema^ 
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linal matter. It consists of carbon, hydrogen, 
, and oxygen, in about the same propoHions as 
;e of egg" (albumen). All forms of protopUuni 
under the stimulus of the electric current^ and 
' (coagulate) under the influence of heat. 
ron-Nitrogenons Principles. — The principal non- 
Dus substances used by animals as food are the 
and the^a^. They consist of oxygen, hydro- 
carbon. 

"he Amyloids (from Gr. a/mulon, starch) com- 
•se bodies in which the oxygen and the hydrogen 
idy combined in the proportion in which they 
ler, and from which, therefore, no farther heat 
erived by the body. They comprise starch, gwm, 
and sugar, and are only useful as heat-formera 
jf the carbon they contain. 
tarch is an insoluble vegetable substance, and 
J, before it can be utilized as food, must be con- 
I the alimentary canal into soluble sugar, 

oical symbol is Ce Hio O5, a molecnle of starch thus con- 
rbon, hydrogen, and oxygen in the proportion of 6 atoms 
sind 5 atoms of water (H2 0). 

leztrine and Gum contain the same chemical 
\ as starch, united in the same proportions, but 
difierently ; they differ from starch mainly in 
jat solvhility. It is, however, uncertain how far 
useful as food, especially the latter. 
•ngar is mainly of vegetable origin; it is dis- 
ed by its sweet taste, solubility, and crystaliza- 
id its tendency, under favourable circumstances, 
Tgo vinous fermentation^ in which alcohol is 
1 and carbonic acid evolved. 

nical symbol is da H22 On, that is, one molecule of sugar 
the elements of 12 atoms of carbon and 11 atoms of water, 
the carbon only is useful 2j& fuel food. 
ibsorbed into the blood its carbon is either burnt as 
y or fuel food, or the elements of the sugar are converted 
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120. The Fats are oily, noT^-nitrogenons substances, 

consisting of carbon, hydrogen, and oxygen, in varying 

proportions, which are chiefly found in the bodies of 

animals. They contain a large excess of ca/rhon and 

hydrogen, as compared with oxygen, in consequence of 

which their heating powers (as fuel food) are very 

great. 

They are insoluble in, and will not mix with water, but are con- 
verted into soluble soaps by the alkalies. They are either liquid 
or readily fusible, and are soluble in etJier and hoi alcohol, 

121. Organ — Organized Bodies (from Gr. organon, an 
instrument). An organ is a special or distinct part of the 
body, which performs a special action, function, or office, 
as the eye, the ear, the kidney. 

A body consisting of a number of organs united into 
one system, and acting together for a common object, is 
termed an organized body, or an organizaiion. If such 
an organization contains a yerj/ew organs only, or if it 
consists of a great multiplication of the same organs, it 
is said to be of low organization ; if it consists of a great 
m>any organs, each of which performs a distinct function, 
it is said to be of high organization. 

Organized bodies differ from inorganic or mineral bodies, chiefly 
in the greater complexity of their chemical composition, their com- 
plex, heterogeneous, and cellular or vascular structure, and their 
growth, both by insterstUial addition, and external deposit. 

122. The Fonction of an organ is the action, use, office, 
or duty performed by it, as sight, hearing, and excretion. 
The functions of digestion, absorption, respiration, 
nutrition, secretion, excretion, circulation, reproduction, 
&c., common to both animal and vegetable fife, are de- 
scribed as vegetative functions; those peculiar to animal 
life only, as spontaneous locomotion, sensation, thought, 
are described as animal functions, or functions of 
rdaJtion, 

123. Biology (from Gr. hios, life, and logos, a discourse), 
or the science^ of life, comprises two leading divisions, 
botany and zoology, the former, in its larger sense, 
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treaidng of all that belongs to fUvtd life^ the latter of 
ammdL life. 

124. Anatomy (from Gr. ana, through, and temnOy I cnt), 
is the science which treats of theybrm, position, and strtiC' 
ture of the varions parts of organized bodies. It is 
studied mainly by means of dissection, or, though less 
perfectly, by diagrams drawn or photographed from 
dASsections, 

125. Physiology and Pathology (from Gr. phtisis, nature, 
and logos, a discourse) is the branch of biological science 
which treats of the uses and the modes in which the 
various functions of the body are performed during 
health ; it is therefore sometimes defined as the science 
of health* The science which treats of the modes in 
which the organs perform their functions during disease 
is termed paihoLogy. 

126. Histology (from Gr. istos, a web or tissue, and 
logos, a discourse) is the branch of biological science 
which treats of the exceedingly minvJte or microscopical 
structures of the iiissues and their frinctions. 



CHAPTER V. 

HISTOLOGICAL PBELIMINABIES. 

127. The Epithelium is probably one of the simplest 
structures in the body. It consists of one or more layers 
of microscopic nudeaied cells, termed epUJidial cells, 
which are arranged so as to form membrames, which 
line (and are found only on) the free swrfaces on the 
interior and on the exterior of the body, thus forming the 
exterior or free surface of the epidermis^ and of the 
fnucous and serous membranes. 

Epithelial cells consist of an outer exquisitely fine 
edlrwaUy a nucleus and nucleoli, and sometimes also other 
cell contents of fluid or granular matter. They are 
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claaatfied under ,/our priacipal forms or varieties, accord' 
iiig to their g?u^ or other characters, viz. : 1, Sqwimout 
or tettelated; 2, Spheroidal or glandtUar; 3, Columnar or 
eylindrifol; and 4, Ciliated. 

136. The Sqnamons or Teeaelated Epithelium Cells 
consists of flattish cells, -which overlie each other like 




Fig. 22. SqnunooB and Spheroidal EpitheUom Celli. 
the sealeg of a fish, as in the cuticle, or which are placed 
side by side, edge to edge, like tiles or stones in the 
pavement, as in the seroue and ei/novial tmmhroines, the 
interior of the lyjnpfiaHca and blood-vemelw. 

These cells are sometimes charged with pigment, as 
in the choroid coat of the eycj ihey are then termed 
piffment edit. 

129. The Spheroidal or Glandnlar Epithelimn Cells 
couBist of the rounded or globutar cells which line the 
interior of the compound glands, as those of the liver, 
gastric glands, kc They assume a polygonal shape 
under pressure when crowded together. 

The glandular epithelial cells really do the aeo'etory 
work of the gland. 

130. The Colnmnar or Cylindrical Epithelinin Cells 
consist of the more or less oblong eylindricai, or conical- 
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ih&ped sbells, frMch, placed side hj side, standing per- 
pendicularly on their loaer or attaehed extremitiea 
{which are in funeral gtnailer than their fr» ends), line 
the Bor&oea of the stomach and intestines, inclading 



r^OMBitt 




tjUsdilsilKFltlMlM 



Fig. 23. C^UndrioJaadCiliriedEidtheUAlCdli. 
the wallB of the villi and of the upp&f portions of tbo 
gastric follicles, and also of the gland bladder, die 

131. The Clli&ted Epithelitun Cells consist of cells in 
general of the cylmdricat variety, the Jree and expanded 
extremities of which are covered with exqiiisitely fine, 
pliant, miaroaoopic vibratUe processes, termed ciHa. 
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They line the fres surface of the entire reapiratory 
tract, including all the air passages and tubes down to 
the air cells. A tesselated variety of cUuUed epU/telitim 
also lines the ventricles of the brain, and the central 
canal of the spinal cord. 

132. Connective Cellnlar or Areolar Tissne consists of 
a mesh-work in which large quantities of white fibrous 
tissue are intermingled with a comparatively small 
quantity of yellow ela3lic tissue. This tissue is most 
abimdantly distributed through the body, forming a 
sort of matrix, which interpenetrates and inoests the 
various organs, and binds their tissues and structures 
together. 

It is a very pliant, flexible, elastic, extensible, whitish- 
looking structure. It probably itsslf receives no nerves 
and but very few blood-vessels. 

133. WMte Fibroos Tis- 
ane consists of bands of 
parallel wavy fibres or 



It is exceedingly tough 
and fiesible, but inexten- 
sible and inelastic. It 
contains but few nerves 
and blood-vessels. It forma 
the chief constituent o^ 
1, Connective tissue; 2, 
Ligaments; 3, Tendons; 
4, Fibrous membranes, as 
the pei'iostetim, dura ma- 
ter, and the sclerotic coat 
of the eye. It yields gela- 




rig. 2i. WhitB Fibrous Tiseua. 



is treated with aceUe aeid 



"VThen a Ulament of connective tiBBne is 
iU white fibrona tissue BwoUa np enormously, entirely losine all 
character of fibre, the yellow ottatia fibres being visible imdar 
tiin «,-.: n„. A.™ i!..„ :, the middle of the swoUea 



tiui microscope as fine eliarp Hues ij 
mas?. * 
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L Tellow Fibroos Tissne consista of exccediogly 

sli&rp, well-defined, 

scopic, cylindrioal, 

le, extenEiSle,eIastic, 

, aboat 1^5 of an 

adiameter. Itismore 

Bs BparLngl^ distri- 

. througli cotmective 

, bat it forma the 

of certain elastic 
nirea, aa the liffo- 
. suhfiava and the 
cords. It is nearly 
stie as india rubber. 
es not field gdaline 
Ixnled. 

varietj of yellow 
i tisaite, the filaments 
licb aaaatomoM Teiy 
' with each other, and 




r arteries, is known i"- SS.'»«^'^!f°£io*'i^S 
testrated tnembrane, "5l'°iS^^SS!£»3™ESS»' 
len torn, its ends curl 

bboa frequently, as when limbs are torn off by 
linery, retracting into, bo as to plug up and stop 
om ends of the arteries, so that littie or no blood 
^ from them. 

5. Adipose Tisane aimply consists ot /at edls dis- 
ited through the meskes of the conneetiveliaave. The 
ells, about j^ or ^^ of an inch in diameter, con- 
of oval or globular cell-walls, formed of a fine, 
iparent, and structureless membrane, filled with a 
>wish oily fluid. After death, when the animal 
wrature fells, this oily fluid solidifies or coagulates, 
becomes hard, aa in the case of mutton suet. Adi- 
tiaaue is more or less vaseular, the cells being more 
SB held together by the capillaries. 
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Ita chief ii»M are :—(!.) It Mervta u & atore of A«a(-/oni 
material, which msf be re-absorbed intothe blood and burnt « 
required. (2, ) As a bad eanduetor of haU, it tends to preTeB' 
escape from the saiface.of the body. (S.) It serves as mc 
materia^ lilliiig up spnc^, fbnniiig s bed far and pniteetiiig 
lofter organs. 




Hg. 26. Adipose Tisme (F»t Cells). 

136. .Cartilage or Gtistle.— In the very yoimg stat 

the child tSieekel 

consist* entirel; 

carriage, which 

appears as 08«{ 

_^ titm takes pit 

i this is there: 



^ compnaes 
varieties— -(1),£ 
line or omcuJ 
'2), Fibro - « 



liones forming the movable joints are tipped, is a fi 
flexible, extensible, tough, elastic, whituh, opaIe« 
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jmbstance. It consiatB of & matrix having somewhat the 
appearance of ground glaas, in which are imbedded a 
luge number of irregularly shaped nudealed ceOa, y^^ 
to ^^ of an inch in diameter. Jt is usually describeil as 
Rim-t)a«cu/ar, and is not supplied with nerrea. (Seefig.27.) 
The medullarg cavUiea in the long bones are formed as followE :— 
(1.) Bony tistue ia formed or deposited around the sides, and at 
the ends of the cartilages, which form the skeleton of Uie very 
yoTtag subjects. (2.) The bony matter goes on incieasiiig by 
ctlemrU aadition, while the original int^nal cartilage beoomes 

absorbed. 
137. OsBeons Tisane. — Bony tissue is of two kinds — 

cancelloiu and compact. 

CaneeUouM bony ti»gue consists of a neiworh of slender 

fibres, minute bars, or lamelltB of bone joined together bo 

as to present somewhat the appearance of lattxce-work, 

from which it derives its name. It conatitutea the mass 

of the irregularly shaped bones and the enlarged ends ot 

the long bones The mtersticea m canoellated tissue 

are filled with a kmd of marrow 

Compact hony Ueme, which forms a thin shell on the 

exterior of the 

irregular hones 

and which forms 

the thafta of the 

long bones, con 

sistB essentially 

of a teries of con 

centric plates, or 

Utminee of bone, 

arranged round 

central canals, 

termed Hawr 

tian etatale, each 

series forming, in 

laet, what may 

be termed a Ha- 




A Sawrsian 
aystem consists, 
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OB sho^ra in the diagram 



A central Haoernan 
earuU ; 2, A series of 
coDceDtrio bony la- 
mdla; 3, A series 
of concentric rows of 
lacunce, by whieh the 
bony lamellte are 
Beparated into dis- 
tinct series ; 4, A 
large number of ca/ia- 
lietui, radiating from 
the central Haversian 
cotkU, and joining the 
various surronnding 
(concentric) lamellie 
into one system. 

The Havertian 
conaZshaTean average 
diameter of about the 
j-Jj; of an inch; the 
longer ones contain 
the minnte blood- 

, vessels which convey 

nt^Timent to the interior of the bone. 

The locumz are nunntepiti or cavities of a very irrqgnlar shapa 
wUuh contsin nncleL They were fannerly termed the bane cor- 
puscles, and are described by Dr. Beale u cantainios minate 
maases of pnloplatm, or gemdnal maUer, which posubTj^ contn- 
bntas to Uie iiauriBhmeiit of the bone^ They are described by 
some physiologiats as conauting of mimite cavities, or gaps, 
fonuerly occupied by the cartilage cells, the whole of the sar- 
ronnding cartilage hnviiig been invaded by the earthy salts dnriiiE 
ossifieaUon, except the immediate nei^hbonrhood of the nuc/n at 
the cells. Their irregular outline gives them a peculiar strag- 
gling spider-like form. 

The canalieidi are exceedingly minnte canals or lubes which 
paaa off and through the varioos lacuna, appearing to radiate from 
the flaveriian eaiiat and connect it with the variona lamella 
which surronnd it. They donbtlesa distribnts the tmtrtment 
n the JfffiKir soAiruUw threngh the bcoM, (See fig. 28.) 

:, The Enamel, which forms the Mrfitea of thff 




vBmn. 67 

mwtk or ezpoBed parts of the teeth, is the hudeat, moat 
compact, and most mmeral or earthy tirane in the body ; 
it contains abont 98 per cenL of eartht/, and only about 
2 per cent, of animal matter. 
It contdats of minute, striated, hexagonal rods, primu. 




Tig. 70, Fibres <a 
or fibres, vhich stand endwise, side bj mde, perpendicu- 
larly to the sor&ce of the tooth, or to the daniiae. (See 
fig. 30.) 
139. Dentine or Tooth Tissne constitutes the mass of 




V>e- 31. Tnuwrene S«clioD of Tooth at tlie Jtmction of 



the tooth. It Gonsieta of a modification of ouetmg 
Hutu, containing, however, a much larger proportion 
of earthy matter (ooataina about 78 per cent) than 
true bone. 
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When examined nnder the microscope, it is seen to consisb of a 
dense homogeneous substance {inUrtubular tisstie), which is per- 
meated by an immense number of very minute wavy tubes (the 
dented tubuli), which anastomose with each other. (See fig. 31.) 

140. The Crnsta 'PeirosB^^-cementum or cortical sub- 
stance — is the layer or crust of true bone, which 
surrounds or covers the hidden portion of the tooth 
from the neck to the end of the/aw^. (See fig. 31.) 

141. Mnscnlar Fibre. — The peculiar property of mus- 
cular fibre is its contractility , or power of shortening, 
under the influence of the will or of nervous stimulus, 
or under that of chemical, mechanical, or electrical irri- 
tation. There are two kinds of muscular fibre — smooth 
and striated. (See Animal Mechanics.) 

142. Non-Striated (Organic) Mnscnlar Fibre, also 
termed smooth unsPriped muscular fibre, forms the chief 
constituent of the involuntary and of the hollow muscles, 
as those of the alimentary canal, the bladder, the gall- 
bladder, the coats of the arteries and of the excretory 
ducts and larger lymphatics. It is also found in the 
trachea, the iris, the skin, and elsewhere. Its contrac- 



Nnclen*. 




In lutanl lUto. 




Tnated with Aoetio 
Add to show tlM 



Plain Mmoaliur Flint 
from tlie Bladder. 



Fig. 32. Smooth (Involuntary) Mascular Fibre, 
tion in the hair-sacs, from cold or fright, causes the hair 
to rise — ^thus making the hair "stand on end;" it 
also produces "goose-skin." 
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Organic moBcalar fibre conslsta of minnte elongated 
foBiform (spindle-shaped), fl&ttiah, nucleated, eoiOraeiUa 
fibre-ceZb of a pale yellowish colour, about i-^W *" tiW 
of an inch in diamder, and -g^ to ^^ of an inch in 
length. By their anion, they form minute ribbon-like 
SlfunentB or fibres, which do not contain any iheatA or 
sarcolemma. The primi- 
tive nvdeated cells of 
which they are composed 
readily separate when 
treated witti nitric acid. 

143. A Volantary 
Unsde; that is, a 
muscle which acts accord- 
ing to, or is controlled 
by, the impubes of the 
will— consists of a bundle 
of btaidlea of striated 
mnscular fibre. The 
smaller bundles are 
termed JiuotctUi, and 
the ^letUh of connective 
tisane, by which they are 
enclosed or invested, 
is termed the /aecia of 
the Dinsele. It is abun- 
dantly supplied with 
nerves and blood-vessels. 

The following Table shows the plan of structure of a 
voluntary muscle : — 




ToItutoiT l[ascIe,-< 



I Ptbies, 



1 CoimectiTe TiBsne. 



141. Striated (Tolontary) Mnflcnlar Hbre, as seen 
nnder ihe microscope, consists of minute, pale yellowish. 
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crcrss-mnrked amtraeUle fibres Each pntmtive fibre is 
invested with a delicate eheoA of fine tough, elastii^ 




Tig. 34. Striated (Voluntary) Unscnlar TiiKiM. 



transparent, structureless membrane, termed the sar- 
colemTna or myolemma. 

Each primitive fibre may be split up longitudmaMy 
into fibrillte, and Inmsversdy into minute discs, aa 
shown in the diagram. (See figs. 33 and 34.) 

The primitive fibre itself conttuns neither blood- 
TCBsels nor connective tisane, but occasionally nnclei 
may be seen within its substance. The sarecnu element, 
contained within the sarcolemjna, consists of si^Uonin. 
The peculiar effect of the fine itria (cross-marking) is 
apparently due to the fibres being composed of a series 
of alfemaivma of a partially opaque with a more troaa- 
parent substance. 

A few hourfl after death the muBcleB of the body become bard 
and rigid — undergo "death-atiffeuing" — or rigor mortis, the 
various parts of the body retaining the position whiok they 
held when the alifening commenced. This dealhtlijimiijf moat 
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|Nrot>sb1y resalta from the coagulation of a Ug^id contained in the 
sabstance of the mascnlar fibre. The liquid, if squeezed oat of the 
fibre, win. coagulate spontaneously ; after a time it again liquifies, 
the body'becomin^ soft and flaccid. If the rigor mortis sets in 
soon after death, it usually lasts but a short time; if it sets in 
late, it usually lasts much longer. 

145. Nervous Tissue, or Neurine, comprises two essen* 
tially distinct kinds of structure, viz. : — the fibr&ua, and 
the ganglionic' vesicular or ceUxdar, The former are 
the essential components of the nerves^ and the interior 
of the brainy the latter of the ganglia and the outer 
layer of the hraiUf and the inner portion of the epinal 
cord. 

146. Primitive Nerve Fibre. — Ordinary nerve fibres or 
tubules consist during life of soft, flexible, fragile^ 
transparent^ oily-looking, parallel, sub-cylindrical fibres, 
described as having somewhat the appearance of fine 

Coagulated Vw with Sheath and Oontenta 
partially strijpped oft 



Freah unaltered 
Nerre Fibre. 



AxiB Cylinder. 



OcMunilAted 
Bheathv 



Axis CyHodeft 






BtellAte Ganglionic 
Oorpoacle. 



Nttcleof and Nudeolni 




Coagulated Sheath and 
Contents. 



Axis Cylinder. 



Kg. 35. Nerve Fibre and Ganglionic Corpuscle 

glass-tubnes filled with oil. During life they are per- 
fectly homogeneous. (See fig. 35.) 
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Immediately after death, coagulation of the nerve sub- 
stance sets in, by which it separates or differentiates 
itself into different layers, viz. : — 1, An outer structure- 
less membrane forming a tube ; 2, An inner grayish, 
solid axiS'Cylinder, which passes up the middle of the 
tube ; 3, A fluid substance in the interspace between 
the axis-cylinder and the outev tube. 

These various structures are respectively illustrated 
in the diagram of nerve fibre. (See fig. 35.) 

The axia-cylinder of a nerve fibre is rendered very distinct, in 
the beantiful microscopic slides sold by the opticians, bv immer- 
sion in ammoniacal solution of carmine, the axU-qflinderhecoming 
deeply-coloured red by it, while the tube-sheath is comparatively 
unaffected, and appears as a pale ring surrounding it. 

The diameter of the nerve fibres varies greatly, being 
greater at their commencement, and decreasing towards 
their terminations after they have left the nerve-trunks. 
Those in the nerve-trunks are from ^q^^q to the -^Tnnr ^^ 
an inch in diameter ; those in the gray meatier of the 
brain and ^inal cord are ^gg^^ to ^^q^^q of an inch in 
diameter. 

147. A Nerve or Nerve Trunk consists of a bundle of 
nerve^fibres surrounded by a slieath of connective tissue 
termed the neurilem/ma. 

The fibres which do not unite with each other in the 
trunks lie parallel side by side. When, however, the 
nerve trunks enter special organs, or when they approach 
their terminations in the skin, the musdes, or elsewhere, 
the nerve-fibres divide, becoming finer and finer until 
they ultimately inosculate, or terminate in loops or other- 
wise in a manner not yet worked out by histologists. 
The finer terminal nervous filaments are not divisible 
into tvhe-sheath, axis-cylinder and contents, but in the 
present state of our knowledge seem to consist of homo* 
geneous nerve substance. 

Many of the terminal nerve-fibres which go to the 
skin appear to terminate in spiral coils which embrace 
or wind round the tactile corpuscles. (See Tactile 
Corpuscles). Other nerve-fibres terminate in the middle 
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of the Pacinicm corpuscles. Tlie finer nerve-fibres of 
the brain and spinal cord often terminate in the caudate 
or stellale processes of the nerve-corpuscles. 

148. Gelatinous Nerve Fibre. Besides the so-called 
tuhular nerve-fibres, a second kind of fibre, consisting of 
smaller, softer, fiattish, homogeneous yellowish-gray 
nerve filaments which contain nuclei, bat do not 
d^erenticUe in structure into sheath, axis-cylinder, &c., 
like those just described, are known to physiologists as 
gdatinotis nervefihres. 

The olfactory nerves and the nerves of the sympcUJietic 
or ganglionic system proper, consist mainly if not ex- 
clusively of gelatinoris nerve fihre. When th^BQ fibres are 
treated with acetic acid their nuclei become plainly visible. 

149. The Chief Property of Nerve-Fibre, or as it has 
been termed its nev/rility or excitability, is its power of 
conveying or conducting nervou>s force or stimulus from 
the cerehro-spinal axis or a ganglionic centre by which a 
muscle is made to contract, or a gla/nd to secrete; or by 
which external impression or irritation is transmitted 
from the skin, the organs of the senses, or any of the 
internal organs to the brain or spinal cord. Their 
function in this respect has been aptly compared with 
that of the telegraph wires in a telegraphic system. 

The nerves, then, simply act as conductors of nervous 
force or impression. Helmholtz, Baxt, and Hirsch have 
estimated by means of induction (electric) currents 
made to act on a galvanometer, the velocity at which 
the nervous force or impulse travels in the motor nerves 
of a frog, at about 34 metres or 110 feet per second. It 
travels at different rates in different nerves, and the 
nerves of different animals. 

150. Ganglionic Corpuscles, Nerve Cells, or Vesicular 
Nenrine consists of minute spheroidal or stellate nu- 
cleated cells charged with finely granular matter contain- 
ing a greater or less number of reddish or brown pigment 
granules, which give the exterior of the brain and interior 
of the spinal cord the peculiar pinkLsh-gray or dneritious 
appearance they present. 
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Nervt ceUs or corpusdea are of two kinds (1.) Simple, 
that is, having an vmnterrupted outline, and being there- 
fore spherical or ovoid, and more or less resembling in 
appearance glandular epithelial cells. (2.) CcmdcUe or 
stdkUe (as shown in the diagram), that is, containing a 
number of tails or processes by which they become more 
or less star-shaped, (See fig. 35.) 

The latter are termed ttm-po1ar,&i-polar,mtt^»-polar, aocordin^to 
the nninber of the processes they give ofi^ These processes, which 
are tubular, contain granular matter. Some of them taper off 
to a point, others unite to the processes given off by other 
nerve-corpuscles, others again unite with the ends of ordinary 
nerve-fibre. 

151. Function of the Nerve Corpuscles. The nerve 
corpuscles are very generally described as the generatorSy 
sources, or originators of nervous force. This statement 
however is only true with considerable modification. 

They constitute the mass of the exterior of the brain, 
the interior of the spinal cord and of the substance of the 
ganglia, or the nerve centres at which Tiervous force is 
either generated, or nervous impressions are radiated, 
transferred, diffused, or reflected, (See Brain, &c.) 



CHAPTER VI. 

THE BLOOD. 

152. The Blood, or nutritive fluid, is by far the most 
abundant and important fluid in the body : it has there- 
fore been designated the " river of life." 

Within the body in its normal or healthy state, it is 
entirely contained within a set of special vessels, termed 
blood-vessels, consisting of arteries, veins, and capillaries. 
It never escapes from these vessels into any other part 
of the body, except as a result of disease or injury, as 
in the case of bruises or scurvy: it is then said to be 
extravoisated, 

153. Appearance and Properties of the blood. The 
blood as it escapes from the body by a cut or injury, or 
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when quite freshly drawn, appears to the unaided eye to 
be a homogeneousy somewhat viscid, bright crimson or 
9oarUt £uid. It has a saMne taste, is slightly alkaline, 
and is a little heavier than water, 1,055 parts by weight 
of blood being equal in bulk to 1,000 parts by weight of 
icater. It has a slight peculiar odovr or halitus, which 
is greatly increased by the addition of dilute sulphuric 
acid, containing about one-half of water. It is said that 
the blood of different animals may thus be readily dis- 
tinguished by the odour evolved ; this, however, is pro- 
bably true of a few animals only. 

About one-Ao^ of the blood contained in the body — 
that is that portion which is contained in the veins 
and in the pulmonary arteries — is of a dark purplish 
colour; this is termed verums blood. 

Only that portion of the blood which is contained in 
the arteries, (and in the pulmonary veins), and freshly 
drawn blood which has been exposed to the air, possesses 
the bright scarlet colour usually deemed so character- 
istic of the blood. This is termed aerated or arterial 
blood. 

If dark venous blood be shaken up in a bottle of 
oxygen gas, it will be immediately converted into bright 
saxrlet blood, having all the properties of arterial blood. 
The same changes take place, though much more slowly, 
when blood is agitated in common air, 

154. Magnified Blood. When a very thin layer of 
freshly drawn blood is examined by means of a power- 
ful minifying glass, it appears to consist of minute 
particles of a pale, yellowish, gritty substance floating in 
2k colourless fluid. These minute gritty-looking bodies 
are the corpuscles of the blood. 

To observe the microscopic structure of the blood accu- 
rately — 

1. Take a slip of tliin plate glass three inches long and one inch 

wide. 

2. Twist a piece of thick string several times tightly round the 

middle of the last joint or end of the middle nnger of the 
left hand. 
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3. Prick the end of the finger (which hu now become pnrpla 

vid iwollen became of the diitenaum of the Tsini pro- 
dnced hj the obstruction to the circnletioD csiued W the 
lig&tore) Tith a iharp elecin needle. A biggiah drop of blood 
immediatlej exndea, the operation earning littte or no pain. 

4. Smear a very imaU quantily of the blood thnB diwrn, M aa 

to form a very t!un yellouiish-looting layer of blood on the 




Fig. 3S. Drop ol Blood (Mugnifiei]). 



scope, will ba 

155. Stroo- 
tntal Chanc- 
ter of tbe 
Blood. — The blood is thus seen to consist of (1) red and 
(2) wAile or coloarless oorpnscles; also, if examined 
under a much higher microscopic power, (3) of minute 
oil globiUes, floating in a nearly colourless transparent 
fluid, (4) the liquor sftnguinii or blood plasma. 

156. The General Composition of the Blood varies very 
considerably with the age, sex, temperament and health 
of the individual; also, with the time since the last 
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meal wajs taken, with the part of the body from which 
the blood is drawn, and with other conditions. Copious 
UeecUng very considerably 
reduces the proportionate 

number of red cfyi'pusdea. (^\ yssk Bed carpiuei«. 

Animal food, the use of ^^ 
certain medicines, as those 

containing trow, &c., very II .Red corpn-cie 

materiaUy increases their U ^td,.^^ 

number. In general there ^^ it^SST^'J^ 

are proportionally more ^ Bedconmseie 

red corpuscles in the blood 9 ^^ZiH^r 

of men than of tvomen, and ^ ^ 

m . x-L i» 7 r X White Corpwicle 

of strong men than of weak f ^ \ treated with Aoeuo 

men, and in the blood of \^J "^hLdtSl!!** 

young and middle-aged 

adults than in that of jw^ ^^ A 

children and old people. m^a ^^n....white oorpoMiou 

One thousand parts of ^^ ^^^ 
blood consist of about 

600 parts of liqtwr Fig 37. Human Blood Corpuscles. 
sanguinis, and 500 parts ii*piiitod«oodi*iaetam 

of moist red and tMte corpusdes. 

The average composition of human blood may be 
stated approximatively as consisting in each 1,000 parts 
of — vxUer, 780; globulin, 140; albumen, 70; fibrin, 2; 
fatty matters, 1^ ; extractive, 6 4. 



Composition of Human Blood. 



Water, 



Sdlidfl, 
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FibriD, 
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Phosphorized fat, 
Gholesterin, 
Saponified fat, 
.Extractive matters, 
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The liquor languinit contains moBt of the ehlorina and 
the soda of the blood, thua differing ohemicallj from tho 
corpuscles, which contain most of the JaUy substances, 
and the phosphates; all the iron, and most of thd potash. 

157. The Bed Corpnscles of human blood consist of ex- 
ceedingly minute, soft, flexible, elastic, pale yellowish, cir- 
cular, buMtmave, rum-mtdeated discs, withrounded edges. 

Their diameters vary from about the f- ^m to tho 
tqVit '^^ ^^ inch. Their thickness is about ^ to ^ of Vbmt 
diameter, and therefore varies &om about the yy^g^ to - 
tlie 7^ of an inch. i 

It has been ronghly calculated that 10,00(^000 mta 
corpuscles would lay on one square inch of mu&ge^ ■•W 
that 120,000,000,000 might be contained withlii 4W. 
volume of one cubic inch. "HH 

It has also been estimated that one ouUo inok^tlE ' 
freahly ^1^ 
healthy 
blood B 
o n t ft i z 
81,000,000orMi^ 
corpusdee^ talk'- 
340,000 idUto <m 
eolourititcarfm- 
clea. Dr.Dri^eft) 
the celebii^M' 
American phy«i-i 
ologijit, has eetir 
mated that 
20,000,000 of 

puscles are bom, and 20,000,000 of them die per second, 
or -with each beat of the heart. 

158. Under the microscope tiiese little bodies may be 
seen rollmg and turning about in the liquor sanguinis, 
and arrangmg themselves in little piles, or nwiZaaM*— like 
piles of small coin seen edgewise. When they absorb 
imgen they become flattened, their walls baooming 
thicker and more opaque, and powdbly more reflectlye. 
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When they absorb carbonic acid gas the cells ara said 
to become rounder and larger, and their walla thinner, 
more transparent, and darker. 

159. Tlie Form and Size of the Bed CorpnacleB varieEi 
ia different ani mala. They are circiUar and Ueonama 
m nearly all the mammalia, being umalleat in the deer 
tribe, — are oval in birda, reptiles, and fishes, being 
[-eptilrs. Tlio foUowitig diagram (fig. 3U ) 




Fig 39. Shapes of Blood Corpuacles (red) of Various A 

gives their shape, also their longest diameters in fractions 
of an inch. 

160. The Stractnre of a Bed Corptiscle is not even ^et 
positively determined. It is usually described as consist- 
ing of an inierior csm^fluid, or even quite fluid substance, 
Burrounded by an outar substance of gradually increasing 
denaity, forming a not very definite or distinotly marked 
etU vxUl. Bome phyiiologista still describe the i-ed 
oorpoMle H a homogmteui ilnMtunfaM maiiRi 
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161. The interior substance of the corpuscle consists 
of hcemoglohmy or as it is sometimes variously termed 
cruoTj or cruorihglobiUinf or hcemcUo-glohulin, This com- 
pound may be resolved into two substances : — hcBnuUine, 
the peculiar colouring substance of the blood, and an 
albuminous substance termed globulin. 

Prepare a second glass slide (as described in section 
154), but previous to covering the blood up with the 
thin covering glass, dilute with water. When examined 
under the microscope the red corpuscles will be observed 
to swell out their sides, losing their hollow, sunken, dishr 
like forms, becoming rounded and globular, the cor- 
puscles ultimately bursting by endosmose or absorption 
of liquid. 

When the red corpusdes are immersed in solutions of 
greater density than their own substance, they lose 
fluid by exosmose, shrivelling up, and losing their normal 
shape. 

The red corpuscles have been variously termed blood' 
ceUs, bhod-corpuscleSy blood-discs^ bhod-^lobvles, &c. 

162. The Colour of the Blood is due to the cruorin or 
hcematin, as it is termed, which is contained in the 
red corpuscles. This substance exists in two states, 
viz.: — ^that of purple cruorin, in which it is combined 
with less oxygen, and scarlet cruorin, in which it is com- 
bined with more oxygen. 

Venous blood being deficient in oxygen is now sup- 
posed to owe its dark purple colour to the presence of 
the lower oxide of cruorin. 

Arterial blood being supplied with excess of oxygen, 
is supposed to owe its bright scarlet colour to the presence 
of the higher oxide of cruorin. 

That the colour of the blood is not due, as was for- 
merly supposed, to the presence of tron, is shown by the 
fact that hcematin still retains its peculiar red colour 
after all its iron has been extracted. 

That the dark colour of verums blood is simply an 
optical effect due to the greater ihinrhess and consequent 
transparency of the cell wall of the vemus corpuscle, is 



PUKCTION OF THE RED COBPUSCLSS. 81 

also a theory -which is now being generally abandoned 
by physiologists. 

163. The Detection of Blood Stains in case of murder 
may, in general, be effected with great certainty by means 
of the microscope and the micro-spectroscope. 

Human Hood may readily be distinguished not only 
from common dark or red paint, but also from that of 
many other animals by a clever microscopist^ by means 
of the appearance, shape, and size of the discs, or red 
corpuscles, (See £g. 39). 

The micro-spectroscope consists of a peculiar combina- 
tion of glass prisms attached to the microscope, by 
means of which an object may be examined with the aid 
of special light obtained from any specific part of the 
spectrum, 

A minute speck of blood, weighing not more than the 
cne-millionth part of a grain, will, when examined under 
the micro-spectroscope, give certain well-marked charac- 
teristic dark lines, called absorption hands, due to the 
presence of eruorin. By suitable treatment the cruorin, 
notwithstanding the exceedingly minute portion pre- 
sent, may be changed respectively from the higher to 
the lou>er oxide, or, vice versa, the well-marked chaittcter 
of the absorption bands varying accordingly. 

164. Function of the Red Corpuscles. — The chiei func- 
tion of the red corpuscles of the blood is to act as *^ carriers 
of oxygen." They absorb large quantities of oxygen in 
the lungs, and carry and deliver it over to the tissues, 
even in the most remote parts of the body, thus vivify- 
ing them and enabling them to perform their various 
fimctions. 

Professor Stokes has shown that it is probable that 
the chief agent by which they absorb, and afterwards 
deliver up their oxygen, is the cruorin they contain. 

It must not, however, be supposed that the red cor- 
pusdes leave or pass out of the capillaries ; on the con- 
trary, they hand over the oxygen they contain in 
solution, passing it through the walls of the capillaries 
by the process of exosmosis. On the other hand, the 
14* P 
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oxygen having done its work in oxidizing the tissues, the 
burnt or oxidized tissue is passed bcu^ through their 
delicate thin walls into the capillaries in a state of solu- 
tion, as urea, carbonic acid, water, <fec., by the process of 
endosmosis, (See Endosmosis, section 103.) 

Blood deprived of its red corpuscles will only absorb 
1-1 3th of the quantity of oxygen it dissolved in its normal 
state. Blood in this state is quite useless for all pur- 
poses of transfusion or vivification. 

165. The Oxygen in feeble Chemical Union with the 
Blood. — ^When pyrogallic acid is exposed to the oxygen 
of the air, it readily enters into combination with it; but 
when it is mixed with the blood, it does not combine 
with its absorbed oxygen. It has, therefore, been sup- 
posed by some physiologists that the oxygen in the 
blood is not held in a mere state of mechanical solution^ 
but is held in a state of loose chemical combination by 
some substance in the corpuscle. 

166. Transfusion of Blood. — If blood, which has been 
deprived of its fibrin by whipping,* be injected into 
the veins of a human being who has nearly bled to 
death, he will sometimes recover almost as if by magic. 
Valuable lives have thus been saved by the transfusion 
of blood into the body of the patient from the arm of 
his friend. 

The same results take place in the lower animals; 
even the blood of a different animal, if of a nearly allied 
species, will produce this result. If the difference of 
species be great, immediate death may ensue. 

If, however, the blood be deprived of its red corpuscles 
before it is injected, it will produce no such effects of 
restoration or re-vivification, 

167. The White or Colourless Corpuscles of the blood 
are minute pearly, grayish, semi-transparent, spheroidal, 
contractile, roughish-looking, nucleated bodies, about 

* By " whipping " is meant the vigorously stirring tip freshly- 
drawn blood, by means of a birch rod or bunch of twigs, until all 
the^6n» has coagulated and deposited, aft^r whiph ^he blood will 
Dot coagulate, 
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},500tli of an inch in diameter (See fig. 37). In a 
f healtli the blood contains 400 to 500 times as 
red as white corpuscles. 

white corpuscle consists of an outer ceU wall 
L bursts when placed in water), of a fluid con- 
l more or less granular matter, and a nudeua. 
'icleua is rendered more distinct by immersing the 
cle in dilute acetic add. (See ^g, 37.) 
When the white corpuscles are carefally watched 
3ngthened period as they float in the hloo^-plaama^ 
ire observed to undergo considerable change of 
itretching portions of themselves out in the form 
^.essea or arms, in first one direction, and then in 
r, thus manifesting a sort of independent life of 
wn, and very closely imitating the nature, pro- 
, and behaviour of the amoebaf one of the very 
forms of animal life. 

\ very difficult to separate the white corpuscles 
\ie fibrin of the blood, to which they readily adhere 
process of coagulation. 

Origin of the White Corpascles. — In the eaHy life 
embryo, the heart and blood-vessels consist of solid 
of cells. The outer layers of these cells gradu- 
Bvelope into the tissues, forming the walls of 
arteries, and veins ; while the interior of these 
become hollowed out into cavities, by the sepa- 
and detachment of the interior cells, which, 
thus liberated, form the first blood-cells or cor- 
I of animal life. These consist entirely of white 
urless nucleated corpuscles Their nuclei probably 
surds develope into the red corpuscles. 
Functions of the White Corpuscles. — The func- 
)f the white corpuscles are only partially deter- 
but they are supposed — 
'o develop the red corpuscles from their nucld. 
"hey are supposed to assist in developing the fibrin 
liquor sanguinis. 

The Liquor Sanguinis, or Blood Plasma, is the 
transparent, colourless^ or slightly jrellow and 
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slightly viscid, saline, albuminoua liquid in which the 
red and white corpiiscles float. 

It consists chiefly of a very dilute solution of albumen, 
fibrin, fatty matters (serolin), and certain salts, chiefly 
sodium chloride (common salt), and tribasio phosphate of 
soda. 

1,000 parts of liquor sanguinis contain 60 to 70 of 
albumen, and 2 to 3 oi fibrin. 

The phosphate of soda probably aids it in dissolving 
and holding the carbonic add contained in the blood. 

172. Functions of the Liquor Sanguinis : — 

1. The liquor sanguinis floats the red and white cor- 
puscles of the blood, thus conveying them to all parts of 
the body. 

2. The liqvxyr sanguinis permeates the walls of the 
capillaries ; and after thus escaping, irrigates and bathes 
the tissues, which appropriate the nutritive material they 
require. This (nutrition of the tissues) is probably its 
chief function. 

3. It receives the products of the waste tissues and 
distributes them to the various organs of excretion, by 
which they are removed from the system. 

173. Coagulation of the Blood (from Lat. coagulo, I 
curdle). — Let the student go to the butcher, and get him 
to collect some blood in a small basin in his presence, 
and let him watch the changes it shortly undergoes. 

(1.) In from three to ten minutes the whole mass of 
blood in the basin sets into a soft, red, gelatinous, homo- 
geneous-loohing mass. 

(2.) Shortly afterwards, small drops of a transparent 
yellowish fluid (the serum) begin to ooze out on its 
upper surface. 

(3.) The gelatinous red mass, now gradually contract- 
ing, squeezes out the serum on all sides, until the bulk of 
this fluid becomes two to three times the bulk of the 
solid red mass which now, having much greater firmness, 
constitutes the clot, cfnior, or crassamentum of the blood. 

174. The coagulation of the blood thus comprises 
essentially ttoo distinct processes : first, a seUing of the 
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blood; second, a sort of rough analysis, or separation of 
the blood into serum and clot, 

175. The following table shows the comparative com- 
position of living and coagulated blood : — 

L.qnorsangnuns, F^^ 

Conrascles, . .\^,^^^^ 

( i Water. 

I Semm, . . . . ^ Albumen. 

Coagulated blood, ^ l^dCorpnscle^. 

Clot, . . . Jwiiite „ 

( Fibrin. 



176. Semm (from Lat. serum, whey).— The serum of 
the blood is the pale yellowish, slightly viscid, greasy 
albuminous Jluid which is squeezed out from the clot dur- 
ing the process of coagulation. It consists of the liquid 
portion of the blood-plasma, from which the fibrin, or 
so much of the fibrinogen as is capable of giving rise to 
it& formaiion, has separated by spontaneous coagulation. 

177. The Serosily (from Lat. serum, whey) of the blood 
is the feeble aqueous solution of the salts of the serum 
which separates from the serum, when it is coagulated 
by heat; in other words, the serosity of the blood is the 
incoagulable portion of the serum. The serosity also 
contains minute quantities of extractive and /o^^^ matters. 

ire. Magnified Goagnlated Blood. — Prepare two addi- 
tional glass slides with drops of blood as described in 
section 154; but in this case it is better not to cover 
the drops of blood (which should be very small) with the 
thin glass covering, but to place them under a damp 
glass tumbler to prevent their drying. Add a few 
granules of com/mon salt to one of the drops before placing 
it under the tumbler, allow both of them to stand for 20 
to 40 minutes, then examine them under a microscope 
magnifying 300 to 400 times (linearly). 

TheJ^r*^ drop which has not been treated with common 
salt may now be inverted, or placed in any position 
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.without causing it to run. It will by this time Havd 
formed into a solid gelatinovs mass, or in other words, 
coagvlation will have set in. 

This gelatinous drop, when placed under the microscope, 
is seen to consist of a network of ^ne fibrils or filaments, 
enclosing and squeezing up within its mesJies or interstices 
masses of red corpuscles. As coagulation becomes more 
perfect, the corpuscles are squeezed more closely together, 
while the serum, or clear liquid portion, is gradually 
driven out of the mass. This altered structure orfihrU- 
lotion may be best observed by examining the drop of 
blood on the glass slide several hours after it was prepared. 

The fibrils consist o^ fibrin. This substance, which is 
said to exist in the blood-plasma or liquor sanguinis in 
a state of liquidity, is gradually deposited in the form of 
soft solid fibres, which enclose the corpuscles as just 
described, and continue to contract until the process of 
coagulation is completed. 

The white corpuscles disappear, apparently absorbed 
in the substance o£th.eJlbrin during this process. 

179. Place the second drop of blood, which has been 
treated with common salt, and which still remains liquid, 
under the microscope. No bwx^ fibrillation can be detected; 
Therefore coagulation has been artificially prevented. 

180. Cause of the Coagulation of the Blood. — The 
apparent cause of the coagulation and partial separation 
of the constituents of the blood, is the spontaneous 
solidification and fibrillation of the fibrin of the blood, 
just described ; but the real question to be determined is 
what is the cause of this spontaneous coagulation or 
solidification of the fibrin. Many theories of the true 
cause of the coagulation of the blood have at various 
times been propounded and discarded. By some it has 
been regarded as a purely vital process, by others as 
consequent on the escape of a/mmoma from the blood. 

In all cases the blood corpuscles are supposed to be 
passive during this process. 

18L The Swyry of coagulation accepted by Professors 
Huxley and Foster^ and founded upon the fiekcts observed 
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by Dr. A. Buchanan of Glasgow, and by Alexander 
Schmidt of Leipsic, is that Jlhrin in solutian does not 
exist in ordinary living blood as it circulates in the 
veins and arteries ; but the blood contains two distinct 
principles, viz., globulin and fibrinogen, which exist 
in it in separate states. When the blood is with- 
drawn from the influence of living matter in the blood- 
vessels, these two substances, the globrdin and the 
fibrinogen unite— this union resulting in the formation 
of fibrin, which is deposited in the 8olul form, and 
which afterwards encloses and contracts on the blood- 
corpuscles, as previously described. 

If this theory is correct, the coagulation of the blood 
is a purely physico^hemical, in contradistinction to vital 
process, as the following experiments will show : — 

Experiment I. — Place some blood serum in a glass; dilute 
largely with water. Pass a current of carbonic add through the 
mixture as long as any precipUate (a white powdery substance) 
iskila; pour off the fluid contents; wash the white powdery pre« 
cipitate, which consists of globulin. Dissolve the globulin in a 
very dilute solution of soda. 

^e globulin, or, as it is frequently termed, JUnino-plaatie 
glohtiUn, having thus undergone the two-fold chemical processes 
of precipitation and solution, must necessarily have lost all traces 
of vitality. 

Experiment IL — Place some serous fluid, as that obtained 
from ihe pericardial sac, in a glass vessel, dilute, pass a current of 
carbonic acid, wash the white powdery precipitate (which consists 
of fibrinogen), and re-dissolve (as in Experiment L ) in a very weak 
solution of soda. 

The solution of fibrinogen as thus prepared must necessarily, 
like that of the /S&nno plastic-globulin previously described, have 
lost all traces of vitality. 

Experiment HE. — Add a portion of the solution of fibrino- 

plastic globulin (prepared in Experiment I.) to the solution of 

fibrinogen (prepared in Experiment IL), a clot of fibrin is formed. 

Experiment IV. — Add in a test tube or glass vessel a portion 
of the solution of globulin (prepared in Experiment I.) to the 
serous fluid obtained from the pericardial sac of a sheep or an ox, 
a clot of fibrin will be formed. 

Experiment V.— Add a portion of the solution of fibrinogen 
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(prepared in Experiment II.) to the serum of the blood of a sheep 
or an ox, a dot of fibrin will again be formed. 

Experiment VI. — Mix in a glass vessel a portion of ^e serous 
fluid from the pericardial sac^ or anv other serous cavity, with the 
serum of the blood (from which all the fibrin has separated by 
coagnlation), a clot of fibrin will again be formed. 

182. These experiments clearly point to the physico- 
chemical origin of the phenomenon of coagtUcUion. It still, 
however, remains to be explained why contact with 
living matter, or whatever other agency it may be that 
is exerted in the blood-vessels, causes the continued 
separation, or in other words, prevents the union of the 
globulin and the fibrinogen, and the consequent /orma- 
tion and coagulation of the fibrin in the interior of the 
living blood-vessels. 

183. Wounds inflicted a few hours after death may 
readily be detected by the absence of clot about the 
mouth of the wound. 

Bleeding to death is often prevented by nature's 
stopping the mouths of the injured blood-vessels with 
plugs of clot or coagulated blood. 

The coagulation of the blood also stops internal bleed- 
ing, and promotes the healing of incised wounds by 
joining their adjacent surfaces together. 

When pu8 and some other substances get into the 
blood, they sometimes cause death by setting up the 
process of coagulation, by which plugs of dot, which 
stop the circulation, are formed in the principal arteries. 

184. Conditions which Ac- Conditions which Retard 
celerate Coagulation. Coagulation. 

Moderate warmth. Contact with the walls of liv- 

Best. ing blood-vessels. 

Contact with solid bodies, es- A temperature of above 120 
pecially those with rough sur- deg. or below 40 deg. P. 
faces. Deep vessels. 

Free exposure to air. Exclusion from air. 

Shallow vessels. The addition of alkaline solu- 

The addition of a limited tion, or of salts of the earth and 
quantity of water. alkalies ; also by strong acids. 

Death by suffocation from 
carbonic oxide, carburetted hy- 
drogen, &o. 
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185. The Bnf^ Goat of the blood is the whitish or 
Jw^-coloxired layer of clot which sometimes appears at 
the upper surface of the ordinary red clot. It may be 
formed under the following circumstances:— 

a. When the red cdla sink more quicMi/, or the fibrin 
is deposited and coagulates more slowly than usual. 

6. When there is a deficiency of the red corpuscles of 
the blood, as in certain diseases, in which case the upper 
layer oi fibrin of the clot remains whitish, because of the 
absence of enclosed red corpuscles. 

186. Cupped appearance of the Blood. — ^When the 
huffy coat is produced as explained in (a), it usually 
contracts more than the rest of the clot, drawing up the 
sides of the remainder, and giving the upper surface a 
" concave or cup-like " appearance. 

This phenomenon is frequently presented by inflam- 
matory blood. 

187. Gases in the Blood.— The blood in the living 
body always contains oxygen, ca/rbonic acid, and nitro- 
gen gases. 100 volumes of blood contain from 40 to 50 
volumes of these gases, of which about 30 volumes 
consist of carbonic acid, about 15 of oxygen, and about 
2 volumes of nitrogen. 

The oxygen of the blood is chiefly retained by the red 
corpuscles, the cm-bonic add chiefly by the bicarbonate 
and triphosphate of soda. 

These two gases probably exist in the blood partly 
free and partly in a state of loose chemical combination. 

188. Functions of the Blood. — The following are the 
chief ftinctions of the blood : — 

(a) It nourishes, builds up, renovates or repairs, and 
vitalizes or revivifies the various tissues. 

(6) It conveys oxygen to the various tissues, tluis 
supplying the agent by whose chemical union with 
these tissues the heat, and nervoiLS, mental, and other 
vital forces are developed in the body. 

(c) It warms and moistens all parts of the body. 

{d) It receives the refuse, the Uquified product of the 
oxidized or waste tissues of the various parts of the body, 
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and conveys them to the various excretof^ organs by 
which they are eliminated from the system. 

(e) It supplies the various glands with the material 
out of which they elaborate or secrete the fluids or 
other substances necessary for the proper performance 
of the function of digestion, and of the other Jtmctions 
of the body. 

189. Gains and Losses of the Blood. — During the 
course of its circulation the blood is cmdinuMy losing 
and gaining material. 

It gains matter, viz., oxygen^ as it passes through 
the lungs; waste 'products (from the tissices) as it tra- 
verses the capillaries; exuded blood plasma, and probably 
other substances, from the lymphatics; sitgar (glucose), 
and possibly white corpuscles, from the liver; also, pos- 
sibly, white corpuscles from the spleen and ductless gUmds. 

The blood constantly loses matter: — carbonic add, 
aqiLeous vapour, and urea by the lungs; water, tMrea, &c., 
by the kidneys; the materials of bile by the liver; the 
materials selected by the tissues for their repair and 
renovation ; aqueous vapour, carbonic add, and urea by 
the skin. 

The blood constantly gains heat in itself, and from the 
tissvss (by oxidation and combustion); but it constantly 
loses heat on the free surfaces of the body, chiefly by 
radiation and evaporation. 

In addition to the above, the blood gams matter 
intermittently from certain sources, viz., oxidized or 
waste tissue; products from the muscles; liquified 
nutriment from the alimentary canal; water, &c., ab- 
sorbed by the skin. 

The blood also loses intermittently by many of the 
secreting glands, as the salivary glands, &c. 

Por difference between Blood and Lymph (see 
section on Lymph), 
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CHAPTER Vn. 

CIBCULATIOK OP THE BLOOD. — ^THE HEABT AKD 

BLOOD-VfiSSELS. 

190. General Purpose of the Circulation. — ^The Blood 
constitutes the ever-flowing river of the human system. 
Its presence in a state of purity, at all points of the 
organism — to render up the vitalizing oxygen and the 
elements of niUrition and repair; also, to receive and 
remove the poitoTioua products of combustion, dis- 
integration, and waste, so that they may be either 
utilized or expelled from the system, as the case may 
reqtiire — constitutes an ever-recurring necessity for 
the perpetual movement or circulation of the blood, 
from the first dawn of life to its ultimate close. We 
now proceed to discuss and explain the nature of the 
mechanism and the forces by which this movement of 
circulation is initiated and sustained. 

191. Circulation (from Lat. circulo, I encompass) is the 
process by which the blood is driven out from the heart, 
conveyed by the arteries and arterial capillaries, to the 
various parts of the body, and again resumed to it by the 
venous capUla/ries and the veins, the whole forming one 
continuous movement or journey. 

The " circulation " is sometimes described under the 
terms greater or systemic circulation, lesser or pul- 
mona/ry circulation, and a subordinate branch of the 
systemic circulation, termed the portal circulation. 

The greater circulation is that by which the blood is 
sent out from the left side of the heart, distributed by 
the arteries through the system, and returned by the 
veins to the right side of the heart. 

The lesser circulation is that by which the blood is 
sent out from the righ^ side of the heart to the lungs, 
and returned from them to its left side. 

The portal circulation comprises that portion of the 
systemic circulation by which the blood, distributed to 
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the Btomacli, liver, splet 




pancreas, and the intestines, 
is collected by 
the vena porta, 
and distribute 
ed through the 
substance of 
the liver, oa 
its ■way to the 
inferior vena 
cava which it 
reaches by the 
kepatie veins. 

The kea^t, 
the arterieg, 
the va,Tia, and 
the capillariea 
constitute the 
chief organs 
of drculatioTt, 






de- 



signated 

"ciTCulatory 

ayetan." 

192. Position 
and Size of the 
Heart— The 
heart ia situ- 
ated in the 
mediastinum 
Jig. 40. Theoretic Circulation. or central part 

of the cavity of the thorax, immediately under the 
lower two-thirds of the sternum or breast-bone. It 
is almost entirely surrounded by the two lungs. Its 
base ia directed backwards and upwards, being sup- 
poi'ted chie£y by the great blood-vessels. Its Kpex, 
or lower end, is turned fmteards and downwardt, 
pointing to, obtruding upon, and to a certain extent 
displacing the left lung; its apex being placed nearly 
opposite the interval between lie Sth and 6th ribs, may 
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lie felt by tbe hand striking against the walla of tha 
chest during the beating of the heart. (See £ga. 2, 3, 
lad 41 and 43.) 

The heart is about 5 inches loug, 3^ inches broad, and 
-I inches thick. Its averse weight in the male is ten 










to twelve ounces, in the female eight to ten ounces. 
It forms about yj-g- of the weight of the whole body of 
the male, and y^ of that of the female. 

193. The Heiui, which is a kind qS force-pump, is the 
principal organ of circulation. From it the blood 
acquires the propulsive force by which it performs tho 
various movements just described. 

The heart is a hollow, conical, fleshy bag, about the 
size of a man's fist, It consists of involuntary but 
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striated mnaculflr fibre. The heart is divided by septa 
and valves into four cavUiea which have no dir^ com- 
mnnicatioB with each other; that is, the blood on one 
Bide of the heart cannot pass over to the counties on the 
other aide of the heart, without passing thi-ough tho 
blood-vessels in the lungs. 

The heiirt ia completely enveloped in a closed eac of 
serous membrane, termed the pericardmm. 

The human heart is usually described as containing 
two distinct aides (a right and a left) separated by 
a fleshy wall, termed the median septium of the heart. 




Fig. JZ — Theoretical Section of the Hamau Heart, iccn from 

Iteally the heart of man, of birds, and ot the mammalia 
may be said to consist of two complete hearts — a right 
and a left heart — each heart corresponding to the single 
complete heart of a fish ; the human heart thus forming 
a double heart, and the circulatory movement set up by 
it a double circulation, termed respectively the greater 
or systemic circulation, and the lesser or pulmonary 
cireulalion. 

The right and left sides of the heart each contain two 
cavities — viz., an upper one with thinner walls, termed 
an auricle; and a lower one with thicker walls, termed 
^ ventricle, 



THE ACBICLE3. 93 

la. The Auricles, or upptr chambers of the heart, are 
tepamted &om, and open into, the venlrielea by means 
of traiuverse constrictions, each of which is Btrengthene^ 




Fig. 43. Bight Side of Heart, 
by a fibrous ring, termed the sonaannw/ans.- these form 
the auriculo-Tentricular openings, to the edges of which 
the valves of the heart, the mitral and the tricuspid 
valves, which close or open these cavities, are attached. 
195< The vxdls of the auricles are comparatively thin; 
^« passage of the blood into the ventricles dependinjf 
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less upon the propvlsive power exerted by the walls of 
the auricles, than upon the suction consequent upon the 
dilatation of the cavities of the ventricles. 

The right auricle communicates directly with Xhe sti- 
perior and inferior venae cavse ; the inferior vena cava 
only being protected by a valve — the EustaMan valve. 
The orifice by which it communicates with the right ven- 
tricle is guarded by the tricuspid valve. (See fig. 43.) 

The left auricle communicates directly with the four 
pulmonary veins which return purified blood from the 
lungs. Its lower opening, by which it communicates 
with the left ventricle, is guarded by the mitral valve. 

196. The Ventricles (from Lat. venter^ stomach), 
are the two lower and tliicker walled cavities of the 
heart. They are separated from each other by the 
ventricular portion of the median septum of the heart. 
The walls of the left ventricle are much thicker than of 
the right. Each ventricle is capable of containing four to 
five ounces of blood. The ventricles are a little larger 
than the auricles. 

The pulmona/ry aHeryj the lower end of which is 
protected by semi-lunar valves, opens into the riglvt 
ventricle. When the right ventricle co/i^octo, the 
tricuspid valve doses, and the venous hlood is driven 
out of the ventricle through the pulmonary artery into 
the lungs to be oxidized. 

197. The left ventricle opens into the aorto, the entrance 
of which is protected by the a^ortic (semi-lunar) valves. 
When this ventricle contracts, the mitral valve closes, 
and the blood is propelled through the aorta^ and by it 
is transmitted to the general system. 

As the muscula/r force required to drive the blood 
through the general system is much greater than that 
required to propel it through the lungs only, the walls 
of the left ventricle are much more largely supplied 
with muscular fihre, or in other words, are thicker than 
those of the right ventricle. 

The columnoB camece are rounded muscular columns 
which project from the sides of the ventricles (see fig. 
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43). They are well shown on the inner surface of the 
Fentricles of a sheep's heart. 

The columnoe carnecBy to which the minute tendinous 
cords (chordce tendinece) are anchored, are termed col- 
umncB papilla/res, (See 1^g, 43.) 

198. The chordcB tendinece are the minute white ten- 
dinous cords (shown in the diagram), by which the valves 
of the heart are anchored so as to close up the anriculo- 
ventricular openings. Were these cords to be cut or 
broken, the flaps of the valves would be carried through 
into the auricles on the contraction of the ventricles, 
and thus become useless. 

As the distance from the walls of the ventricles to the 
valves varies during their contraction, the length of the 
chordce tendince remaining uniform some adjustment is 
needed to adapt them to the required length; this ad- 
justment is effected by the carnece columnce (fleshy 
columns) to which their lower extremities are attached. 

199. Movements of the Heart. — ^When the two auricles 
become charged with blood, the right with vencms blood 
from the veitce ca/vce, the left with arterial blood from the 
pulnuma/ri/ veinSy they gradually and simultaneously 
contract, driving their contents into the ventricles. 
This contraction constitutes the ayatole of the auricles. 

When the ventricles, which dilate to receive the blood 
from the auricles (the valves being open), have become 
thus charged with blood, after a short pause they begin 
to contrcLcty and thus simultaneously both close their 
valves and propel their contents — ^those of the right 
auricle into the pulmona/ry a/rt&ry, and thence to the 
lungi — ^those of the left ventricle into the aorta, and 
thence to the general system, as previously described. 

These contractions constitute the systoles (from Gr. 
austeUoy I contract) of the ventricles. The contractions 
or systoles of the 'auricles and ventricles take place 
alternately — ^that is, while the ventricles are contracting, 
the av/ricles are dilating. 

The dilatation or expansion of these cavities is termed 
their diastole (from Gr. diasteUo, 1 expand). 

14* G 
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• 200. The heating of the hecurty felt by the hand placed 
over the chest, is produced by the systole of the ventricles, 
which suddenly causes, from the peculiar arrangement 
of the muscular fibre of the heart, the apex to bend up- 
wards so as to kick against the side of the chest, this 
movement being increased by the stretching and elonga- 
tion of the aorta by the blood suddenly forced into it. 

The movements of the heart thus take place in the 
following order: — 

(a.) The walls of both auricles contract simul- 
taneously. 

(6.) Immediately afterwards the two ventricles con-, 
tract simultaneously. 

(c.) Then comes a pause of much longer interval than 
that occupied by these double contractions, after which 
the movements are repeated as before. 

The auricles are dilating all the time the ventricles 
are contracting, 

201. Coarse of the Blood through the Heart. (See 
next page, fig. 44.) 

1. The vtn(AJU6 blood enters the riglit auricle through the superior 
vena cava, and the Eustachian valve of the inferior vena cava. 

2. It then passes (the Eustachian valve having closed) through 
the auriculo-ventricular opening (the passage between the tricuspid 
valve) into the right ventricle. 

3. It then passes (driven by the contraction of the right ven- 
tricle and the closure of the tricuspid valve)throvigh. the pulmonary 
arteries into the lungs. 

4. It is poured back (oxidized and purified) by the four pulmonary 
veins into the left auricle. 

5. The left auricle now contracts, and drives the blood through 
the left auriculo-ventricular opening (the mitral valve being open) 
into the left ventricle. 

6. The left ventricle now contracts, the mitral valve simul- 
taneously closing, while the aortic valve opens, and drives the 
blood through the aorta into the general system. 

202. Experimental Proof of the Course of the Blood 
through the Heart. — Procure a sheep's heart, having 
instructed the butcher not to cut off the blood vessels 
within a few inches of the heart itself. Tie up one of 
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the vetueearXB — iaaei-t a glass tube into tha other— inject 
water into the 
heart through 
the tube, it 



rill 1 







of the pull 
ary arteries 
and will not 
reacli the left 
Eide of the 

Repeat the 
experiment by 

injecting wa- 
lev through 
one of thepuJ- 
monary whis 
(the others be- 
ing tied) the 
water will flow 
out of the 
aorta, and not 
through the 
ngM side of Fig. 44. Diagram of the CireukUon through tha 
the heart. Heart, (after Dalton.) 

If the tops of the ventricles be cut off and the ven- 
tricles filled with water, the aorta and pulmonary 
veins being tied, the thin membranous valves will be 
pressed upwards, becoming tightly stretched, and the 
whole action of the valves clearly visible. 

203. Valves of the Heart (from Lat. vahce, folding 
doors). — The valves are tough, flexible, memhranous 
Btructures, which are attached to the fibrous borders of 
the openings into the heart, ftnd between its upper and 
lower chamhera. (See Figs. 43 to 45.) 

They are so arranged aa only to permit of the passage of 
fluid in one direction, any attempt at reflux causing the 
blood to get fteAiJit/ the flaps or segments of the valves, 
uid thus force them tightly against the openings, bo a^ 
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to close them the more effectually in proportion as tho 
backward pressure is increased. Bnt for the chorda 




ris. «. The Top of Heart, the Auriclea being dissected o£f. 
tendinem, the pointed flaps of tlio tricuspid and central 
valves would be driven through inio the auricles. 

The valves, -which consist chiefly of connective tissue, 
are formed by the duplicature of the lining membrane 
of the interior of the heart, their substance being 
strengthcneil by an additional layer oi fibrous tissue, 
possibly containing muscular fibre, 

204. The heart is supplied with six valves,/owr of tRa 
prin<»pa] of which, viz., the tricusjnd and theptdm^mary 
semi-lunar valves of the right aide of the heart, and 
the mitral and aortic (semi-lunar) valves on the left 
side, are shown in fig. 45. The right auricle also pos-' 
Besses two other valves, viz., the corona/ry valve, which, 
guards the entrance of the coronary vein (see fig. 43), 
and the Eustachian valve, which protects the termini 
tion of the inferior vena cava. 



rtHE -PERICARDlUit. 101 

205. The tricuspid valve (from Lat. tresy three ; and cus- 
pis, a point), so called because it consists of three pointed 
membranes, when closed, separates the right auricle 
from the right ventricle. Its structure, general arrange- 
ment, and connection by the chordae tendineoe, and 
its mode of action, are clearly shown in fig. 43. 

206. The mitral, or bicuspid valve, so called from its 
fancied resemblance to a bishop's mitre, consists of tioo 
pointed membranes. Its general structure and mode 
of action resemble those of the tricuspid valve. When 
closed it separates the left auricle from the left verir 
tride. 

207. The semi-lunar valves of the aorta, and of the pul* 
moruvry artery, and the Eustachian valve of the inferior 
vena cava, consist of three half-moon or crescentic shaped 
membranous folds or pockets, the convex borders of 
which are attaclied to the sides of the blood-vessels, 
their straighter edges turned towards the centres of the 
vessels being free, and pointing in the direction in 
which the current flows. 

When the current is passing in its normal direction, 
the blood flows between the free edges of these mem- 
branous pouches, pushing them close up against the 
walls of the vessels, and thus making a clear passage 
for itself. When, on the contrary, the current attempts 
to return, the blood forces its way into the pouches 
behind the valves, and fills them out, pusliing their free 
edges together, thus raising a partition or obstruction 
in the middle of the tube, which prevents all further 
movement of the blood in that direction. (See figs. 42, 
43, 44, 45.) 

In order the more efiectually to close up the central 
spaces between the valves, the middles of the free edges 
of these valves are frequently furnished with little 
nodular bodies, termed the corpora ArantiL 

208. The Pericardium (from Gr. peri, round; and 
hardium, the heart) is the conical, fibro-serous mem- 
branous sac which invests the heart and great blood- 
vessels. Its base is attached to the central tendinous 



102 AKIMAL PHTSlOLOOr. 

portion of the diaphragm ; its apex is directed upwards, 
and incloses the great blood-vessels about two inches 
above the base of the heart. The pericardium comprises 
two layers, one of which is adherent to the outer sur- 
fiwje of the heart, forming its proper coat or tunic. This 
is termed the visceral layer. This layer is reflected 
from the vessels given off at the base of the heart, and 
descending, forms a second and thicker coat, termed the 
parietal layer of the pericardium, which completely 
encloses the heart, and against which it glides 
during its various movements. The two epithelial 
surfaces of the pericardium are moistened by a secretion 
or exudation, termed the serous fluid, which facilitates 
movement by lessening friction. The serous fluid is 
very similar to the serum of the blood. (See Pleura,) 

209. The Endocardium is the thin serous membrane 
which lines the interior of the heart, and by reduplica- 
ture contributes to the formation of the valves. 

210. Sounds of the Heart.— When the ear is placed 
against the front of the chest, over the region of the 
heart, two distinct rhythmic sounds are heard. They 
occur nearly in the following order : — 

(1. ) A dull, t)rolonged sound, somewhat resembling that pro- 
duced by the syllable lubb, is heard. 

(2.) A sharper and shorter sound, somewhat resembling that 
produced by the articulation of the syllable dup, is im- 
mediately heard. 

(3.) A pause, about equal in duration to that occupied by the 
two sounds, is observed. 

(4.) The first and second sounds are repeated as before. 

The cause of the flrst sound is still matter of doubt 
end discussion among physiologists. It is, however, 
probal>ly caused by the vibration of the auiiculo-ven- 
tncular v^ves, of the ventricular wcUls, and of the coats 
ol the aorta and of the pulmonary artery; also partly by 
muscular bruit (noise produced by the sudden and fordble 
contraction of the muscular substance of the heart), and 
by the vibration of the blood itself. ^ 

Ihe cause of the second sound is the sudden closure of 



THE ABTERIAL PULSE. 103 

the semi-lunar valves of the cujrta and pidmonary artery 
caused by the reflux of the blood consequent on the 
recoil (due to the elasticity of the arteries) on the 
termination of the systole or contraction of the ventricles. 

That this is the true explanation of the second sound 
was first proved by hooking up s^ments of the semi- 
lunar valves during some experiments^ in which the 
heart was kept in action by artificial respiration. When 
this was done the second sound ceased, though the heart 
still contracted. Other similar experiments, in which 
the semi-lunar valves where kept open by fine bent needles 
passing through the valves of the aorta and pulmonary 
artery, have been made with a like result. 

211. The Arterial Pulse (from Lat. pulso, I beat) is the 
alternate swelling and contraction, and consequent beating 
of the arteries, which is felt when the finger is placed on 
the arteries of the temple wrist, ankle, or other part of 
the body. 

The pulse is caused by the systole or contraction of 
the ventricles of the heart, which drives an additional 
quantity of blood into vessels already quite full; they 
consequently become distended and enlarged both in 
diameter and in length. The heart thus acts as a force- 
puTnp. On the cessation of the systole or propulsive 
contraction of the heart, the elasticity of the arterial 
walls causes them also to contract. The expansive force 
which they derived from the heart being thus given up 
during the intervals between the ventricular contrac- 
tions, so as to render the movement of the blood 
continuous and uniform, and not interrupted and inter- 
mittent, as it would otherwise be if it depended alone on 
the contraction of the heart. 

If the pulse be tested by an arrangement consisting 
of a series of sphygmographs, the commencement of the 
pulse is found to be simultaneous all through the system, 
but it attains its maximum earlier in those vessels which 
are nearer than in those which are more remote from 
the heart. Hence if the pulse be tested by the finger, 
which is not sufficiently delicate to detect its commence- 
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menty it is felt sooner in an artery Ttea/rer the heart, as at 
the wrist, than in one more remote, as at the ankle. 

A sphygmograph (from Gr. splmgmos, pulsation, and 
grapho, I write) is an instrument consisting of a very 
delicate, long, light lever, and clock-work arrangement, 
by means of which the pulsations of an artery may be 
traced on a smoked glass, or other suitable surface. 

212. The Vigour of the Pulse becomes feebler the more 
remote it is from the heart until the blood has passed 
through the capillaries into the veins, in which it 
entirely disappears. This gradual diminution of the 
force of the pulse depends — (a) On the resistance caused 
by friction. (6) On the greater space contained in the 
smMU as compared with the larger blood-vessels. The 
arterial system has been compared, from this point of 
view, to a cone, and a tree, the smaller capillaries being 
represented by the hose (turned away from the heart) of 
the former, and the smaller and more remote branches 
of the latter. 

The cessation of the pulse consequent on the blood's 
passing through a large number of small tubes, the 
combined sectional area of the interior of which exceeds 
that of the original vessel by which they are supplied, may 
be easily demonstrated practically by the following simple 
experiment : — Get a small force pump, or good sized 
injection syringe, a yard or so of elastic (india rubber) 
tubing, a piece of sponge, and a funnel. Fix the sponge 
securely, so as to close up the large end of the funnel; 
insert the small end of the funnel in one end, and the 
injecting syringe into the other end of the vulcanized 
tubing. Fill the tube with water, and then continue 
to inject fresh quantities of the liquid by means of the 
pump or syringe. The student will observe that every 
additional stroke of the pump, after the tube is filled with 
fluid, will give rise to a swelling and " kicking" of the 
tube (the latter due to its elongation), thus imitating the 
passage of the blood through the artery, with its accom- 
panying phenomenon, the pulse. The water, however, 
will continue to flow evenly and uniformly, that is, 
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without any jerJdng after passing through the pores of 
the sponge, thus also imitating the passage of the blood 
through the capiUa/ries into the veins. 

213. The Nerves of the Heart are derived from three 
sources : — 

(1. ) It possesses certain intrinsic ganglia — tbat is, ganglia lodged 
in its own substance. These, in all probability, give it its 
power of rhythmic movemenL 

(2.) IiVom the sympathetic system, the inflnence by which the 
heart is excited to increased action by joy or other emotion, 
is in all x^robability conveyed to it by these nerves. 

(3.) It receives branches of the pneumogaatric^ or tejith pair of 
nerves, which come directly from the brain. These latter 
exert an inhibitory influence on it, probably stopping its 
action, as in certain cases of death iiom. fright. 

The latter (inhibitory) influence may be well shown 
experimentally in the case of the heart of a frog. If its 
brain or spinal cord be destroyed, so as to destroy all 
sensibility, it will live, its hea/rt heating and its blood 
circulating for an indeflnite time afterwards. The heat- 
ing of the heart may be readily shown to persons at a 
distance by causing the short end of a long, very light 
lever to rest on it, the chest of the frog having been 
opened to permit of this being done. The long end of the 
lever acts as an index, moving up and down with, and 
magnifying, as it were, the motion of the heart. If now, 
by skilfril management, a series of electric shocks be sent 
through the pneumogastric nerves, the heart will, after 
each shock, for the time discontinue beating, its walls 
becoming relaxed and distended, but its action will be 
resumed on the removal of the irritation. It is hence 
inferred that, though the pneumoga^tric nerves may 
control or inhihit the movements of the heart, they 
cannot originate them. 

214. The Arteries (fi*om Gr. aer, air; and tereo, T 
keep) are the blood-vessels by which the blood is carried 
out from the heart, and distributed to the lungs and to 
the rest of the system. As the larger part of the blood 
contained in the arteries consists of pure, oxidized, 
scarlet blood, intended to nourish and vivify the general 
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tiasuea of the system it is generally fermed arlerial 
blood. The pidmonary arteries, on the contraiy, con- 




46, Showing Artciial System of Man. 
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tain venous (dark-coloured) blood, which they convey 
io and distribute through the vessels of the lungs, for 
the purpose of purification. 

The arteries commence in one large vessel, the aorta 
(see figs. 40, 42 and 46), which divides and subdivides into 
a large number of branches, which become, like those of 
a tree, more and more minute as they proceed farther 
from the trunk, until they ultimately terminate in the 
capillaries, 

215. The arteries derived their name from the fact of 
their having been supposed by the ancients to contain" 
air, being generally found empty after death. 

The emptiness of the arteries after death is produced 
as follows : — 

1. Immediately after general death the arteries, still retaining 

life, commeDce a course of slow contraction^ due to their 
tonicity, by which their contents are driven into the veins, 
in which they coagulate, 

2. In a few hours the arteries themselves die, and losing their 

contractile power, graduall^r relax to their former dimen< 
sions. But the blood having coagulated in the veins, is 
unable to return, and they are thus left comparatively 
empty. 

216. The chief arteries are the aorta, or systemic ar- 
tery; the innominate arteries, which send ofi* the carotid 
arteries to the head, and the subclavian, which supply 
the axUla/ry, the brachial, the ulnar, the radial, the 
palmar, and the digital arteries with blood; the Uiac 
arteries (external and internal) ; the femoral arteries, 
w^hich supply blood to the lower limbs; the mesenteric 
and renal arteries ; and the codiac aotds, which gives off 
the gastric, hepatic and splenic arteries. (See fig. 46.) 

The leading arteries are distributed through the 
body in the general direction of the chief bones in 
the skeleton, from their proximity to which they 
frequently derive their names, as in the cases of the 
temporal, femoraly occipital, radial, and ulna/r and other 
arteries. 

Their safety is secured by the protected situations 
they occupy, being in general deeply placed near and 
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on the Jlexor sides of the bones, passing up the centres 
of the limbs, or in central positions in the great cavities 
of the trunk. 

217. The Aorta (from Gr. (eiro, I suspend) is the 
main trunk of the arterial system. (See figs. 40 and 42.) 
It consists of a tough, flexible, cylindrical tube, rather 
less than one inch in diameter, which arises from the 
upper part of the left ventricle, and after proceeding 
upwa/rds for about two inches, arches backward to the 
left aide; and passing over the root of the left lung, 
descends through the thorax, on the left side of the 
vertebral column to the diaphragm, through the aortic 
opening of which it passes into the cavity of the abdo- 
men, where, considerably reduced in size, it terminates 
opposite the ybwr^A lumha/r vertebra. At its termination 
it divides into two branches, which form the right and 
left common iliac arteries. The aorta is thus divisible 
into the arch, the thoracic, and the abdominal aorta. 

The arch of the aorta gives off five branches: — ^the 
right and left coronary arteries (two small branches) from 
the ascending portion immediately above its root, and 
three large branches; the innominate artery, and the 
left carotid and left subclavian arteries. (See figs. 41, 
42, and 43.) 

The thoracic portion of the aorta gives off the peri' 
cardie, the intercostal arteries, the bronchial arteries 
(the nutrient vessels of the lungs), the oesophageal SLrteries, 
and the mediastinal arteries (those which supply the 
loose areolar tissue and the glands of the mediastinum,) 

The abdominal jDortion of the axyrta gives off the two 
phrenic arteries, the superior and ii^erior myenteric 
arteries, the cceliac aans, the two renal arteries, the 
lumbar, the two common Uiac arteries, and the middle 
sacral arteries. 

218. The CoBliac Axis is a short trunk artery, about 
half an inch in length, which projects horizontally from 
the aorta, just opposite the aortic opening of the dia- 
phragm. It divides into three branches, constituting 
respectively the gastric, liepatic, and splenic arteries 



BTRUCTURE OF THE ARTERIES. 109 

(see fig. 46.), which supply the stomach, liver, and 
spleen with arterial blood. 

219. Structure of the Arteries. — The walls of all but 
the smallest arteries consist of three coats, viz. — (1.) an 
internal or epithelial coat; (2.) a middle or contractile 
coat ; (3.) an external or areolar coat. 

220. The internal coat consists of two layers — an inner 
layer of Jusi/orm, nucleated, epithelial cells; and an outer 
layer of transparent, colourless, shining membrane, con- 
sisting of fenestrated elastic tissue. (See figs. 22, 25.) 

221. The middle coai, which is extremely contractile and 
elastic, consists of involuntary or organic muscular fibre, 
yellow eLoMic fibre, and connective tissue. This coat, 
which is very thick in the larger arteries, almost entirely 
disappears from the coats of the smaller arteries, in 

• which it consists of a very thin layer of fusiforun mus- 
cular fibre only (see fig. 32). It is in the greater thick- 
ness of this coat that the structure of the veins chiefly 
differs from that of the arteries. 

222. It is to the great contractile power of this coat the 
fact is due, that a large artery may be torn through, 
as in certain accidents in which a limb is torn oflT the 
body by being caught in machinery in motion, that 
scarcely a drop of blood is spilt from the artery; 
whereas, had it been cut through with a sharp knife, 
the person, if left to himself, would speedily bleed to 
death. 

Surgeons sometimes avail themselves of the con- 
tractHe property of the arteries here indicated to remove 
dangerous tumours (in which the use of the knife would 
prove fatal) by laceration, produced by means of the 
application of long-continued but violent compression, 
by means of suitable instruments, so applied as to cause 
the closure of the arteries on the principle explained, as 
the tissues are gradually torn or squeezed through. 

This peculiar result arises from the recoil and con^ 
traction of the s^^tched elastic tissue, which, on being 
torn, curls, retracts into, and closes the interior of the 
artery, thus effectually stopping the escape of the con- 
tained blood. No such effect is produced on the veins. 
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223. The external coat is in general the thickest of the 
arterial coats. It consists of connective and yellow 
fibrous tissue; it increases the toughness and strength 
of the arteries. 

224. The arteries and the veins may readily be distin- 
guished from each other in the dead body, as in the joints 
of meat which come from the butcher; the former (the 
arteries) being round, and having their waUs compara- 
tively stiff and thick; while the walls of the veins are 
collapsed d^ndi flaccid. In general, an artery cut, even 
when empty, preserves its cylindrical form ; whereas the 
veins collapse under similar circumstances. 

In the smaller arteries, just above the size of the 
capillaries, this threefold structure disappears; the walls 
of these arteries consisting of nearly homogeneous al- 
most transparent membrane, containing muscular flbre. 

225. The Vaso-motor Nerves, which are chiefly, if not 
entirely, derived from the si/mpathetic system, are the 
nerves which are distributed to the smooth muscular 
fibres in the walls of the arteries. By the nervous in- 
fluence they supply, they determine the tonicity or 
degree of contraction of the walls, and consequent size 
of the bore of the vessels. In this way they also deter- 
mine the supply of blood to, and the consequent nutri- 
tion of, an organ. (See Nutrition). 

226. The Capillaries (from Lat. capiUus, a hair) are 
the very minute blood-vessels which form the tei^minor- 
tions of the smaller arteries, and the corrvmenc&ment of 
the smaller veins. It is impossible to draw the lines of 
demarcation, showing exactly where the arteries termi- 
nate, or the veins commence. (See fig. 47). 

The capillaries in the body of a man are microscopic, 
cylindrical or sub-cylindrical tubes, having an average 
diameter of about ^^^ of an inch; those in the brain 
being much smaller. They differ from the veins and 
arteries, not only in their greater minuteness, but also 
in the structure of their walls, which consist of an 
exceedingly fine homogeneous membrane containing 
nuclei, but destitute of smooth mi^oular fibre. 
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The red corpuadea 




Tie « '^ "■!■= h ( 1 11 r in I snull Artei ' the Air 
Cells of the T line's. 

Kood-plagma exuding or paasmg by aeosmosia throigh 
their walls, and thus nounshing the adjacent tissues 

The seclumal atea of the capJlaneB has been esti 
mated at about 400 times that of the arteries It has 
also been eBtimated that the blood mo-vea 400 to 500 
times more slowly in the capillaries than in the larger 
artenen In the capillaries it moves at the rate of 
about li mche") per minute 

227 The Veins are the blood vessels which return the 
blood from the capdlanea to the heart. They commence 
in a large number of very minute vessels, continuous 
with the capillaries, and, after uniting together as the 
small twigs of a tree unite to form larger ones, ulti- 
mately form into two large trunk-vmit — the superior 
and inferior vence cava — by which the blood is poured 
back into the heart. 

The deep veinB in general accompany the arteries, 
■ running side by side with them; these are-' 
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termed the vena eomitet (companion Teiiui), and bear 
the same names as their companioa arteries. 

The «aperfi(^ veins in general lie between the akin 
and the outside of the muscles. 

To stop a bleeding vein prenure shonld be applied to 
the vein on the opposite side of the xoound to which the 
hea/rt ia situated. 

226. The veins are more numerous, larger, and thinner 
walled than the arteries ; they are consequently ^accirf 
and collapsed, when empty, as we see them in joints from 
the butcher. When a, vein is wounded, the blood isauea 
from it in a urdform eontinuaua stream, quite unlike the 
jerking flow from the arteries. The veins differ from the 
arteries alao in being abundantly supplied with valves, 
which direct the blood towards the heart. 

229. The Valves of the Veins consist in general of 
two or three pocket-s/iaped pouches, or semi-lunar /olds of 
the membranca of the inner and middle coats of the 
vein. Immediately behind the point of connection of 
each valve the vein ia a little expanded to allow of the 
blood's getting behind and closing the valve when any 
attempt at regurgilation is made. 
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Fig. 48. Showing Seuu-lnnarValvea of Veins. 
The structure and action of each valve are similar to 
those of the aortic, pulmonary and Euatachian valves 
described. (See Section 207.) 
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230. Venons Pulse. — When the air is expelled from 
the lungs during expiration, the diaphragm being pushed 
ttp, and the ribs being pushed in, and down, the large 
veins in the chest become suddenly subjected to increased 
pressure, which from the thinness of their walls they are 
unable to withstand, therefore the blood they contain is 
driven back, or regurgitates, producing a swelling or 
pulsing visible in the veins of the neck, and known as 
the venoiLS pulse. This is sometimes called the respiraicyry 
vmous pulse, to distinguish it from the venous pulse 
caused by the regurgitation or backward flow of blood 
in the superior vena cava, due to the contraction or back 
action of the right auricle of the heart, especially where 
the walls or the valves of the vena cava are weak. 

231. The Vasa Vasorum are the blood-vessels which 
pass into the substance of the waUs of the arteries and 
veins to supply them with the blood necessary for their 
nutrition. 

232. Blushing is a peculiar local modification of the 
circulation in the skin of the face, by which it becomes 
both red and hot. It is caused by nervous shock more 
or less slight, produced by mental emotion, which may 
be either pleasurable or painful, as follows : — The walls 
of the small arteries contain smoo^A muscular fibre; when 
they receive their proper supply of nervous force they 
contract, narrowing the calibre of the small arteries to 
their normal size. When, however, a person receives the 
slight nervous shock referred to, the nervous force is 
partially withheld from the muscular fibres of the small 
arteries, they therefore cease contracting, the calibre of 
the vessels is increased, and the warm blood rushes in, 
producing the heat and redness referred to. 

233. The experimental proof that such is the true 
theory of the cause of blushing was first supplied by 
Professor Claude Bernard, who discovered that when 
the sympathetic nerve on one side of the neck of a rabbit 
is divided, the skin on that side becomes more abun- 
dantly supplied with blood, and consequently much 
hotter (7° to IP Fahr.) This blushing is best shown in 
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the ear of the rabbit; the delicate integument of which 
reddens from the dilatation and consequent rush of blood 
into its vessels. 

This effect is produced by the arrest of the nervotis 
irifltience which can no longer be sent through the 
branches of the cut nerve to the muscular fibre of the 
walls of the small blood-vessels, consequently losing 
their contractile power, they become relaxed, dilating 
from afflux of blood. 

234. Dr. Chapman attributes cholera and sea-sickness 
to a similar agency. He supposes the cholera poison or 
influence, or the motion of the ship, to give rise to 
nervous shock or disturbance, and thus produce conges- 
tion of the sympathetic ganglia. The increased activity 
of the ganglia thus produced causes such an increased 
quantity of nervous force to be sent to the muscular fibre 
of the walls of the arteries of certain regions of the body, 
as to induce the arterial contraction, and consequent 
diminution of supply of blood referred to, and as a ftir- 
ther consequence the abnormal effects of cholera and sea- 
sickness. He proposes, as a means of cure, to reduce the 
nervous congestion by applying ice-hags along the spine. 

Doubtless catarrh (common cold), inflammation of the 
lungs, diarrhoea, <kc., when brought about by exposwre 
to cold, are produced mainly through the shock or dis- 
turbance it causes to the nervous system, which again 
acts through the medium of the vaso-motor nerves upon 
the small blood-vessels, producing first a sort oi pa/ralysis 
of their walls, then congestion, and ultimately, as a 
consequence of the latter, especially if long continued, 
infla/mmation, 

235. Pallor, or sudden paleness and coldness of the 
face (or even of the whole skin), may also be produced by 
nervous shock, as of fright, terror, rage, or even excess 
of joy, or other emotion. In this case the shock gives 
rise to the opposite efiect, causing increased contraction 
of the muscular fibre in the walls of the blood-vessels, by 
which the calibre of the vessels is reduced, and by which, 
consecjuently, the supply of blood to the skin or the face 
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is also greatly diminislied, thus causing paUoTy with its 
accompanying coldness. 

That this is the true theory of such pallor may also be 
proved experimentally, either by irritating or galvan- 
izing the upper cut extremity of the sympathetic 
nerve, previously referred to, or the sympathetic nerve 
of the other side of the neck, in which case all the 
effects will be reversed, the muscular fibre of the walls 
emtrticting more violently, the bore of the small blood- 
vessels being reduced, the quantity of blood supplied 
being diminished, the temperature falling, and redness of 
the ear disappearing, or, in other words, pallor being 
produced. 

236. Evidence of Circulation Obtainable in the Living 

(1.) When 8i)ecial poisons or soluble salts, as prussiate or nitrate 
of potash, are injected into the veins in one part of the system, 
they can readily be detected in blood drawn u:om remote veins in 
the conrse of a few seconds only. 

(2.) Alcohol and other substances taken into the stomach can 
be detected in the blood and in the urine very shortly after its 
iDJectaon. 

(3.) If a vein be wounded, pressure applied between it and the 
bearfc will not affect the bleeding; whereas pressure on the remote 
side of the wound will immediately arrest it. 

(4.) On the contrary, if pressure be applied between a wound in 
an artery and the heart, it will arrest the bleeding; whereas if it 
be applied on the opposite (the remote) side of the wound, as in the 
case of the vein, the bleeding will not cease. 

(5.) H pressure be appHed to a vein above a valve, the prosress 
of the blood is arrested, the vein sioells up, and the exterior of the 
valve assumes a knotted appearance. 

(6.) The movement of the corpuscles of the blood may be dis- 
tinctly seen in the transparent web of a frog*s foot, or the tail of a 
tadpole, when placed under the microscope. 

The most satisfactory evidence of the circulation, 
however, is that furnished by the structure of the heart 
and hlood-^vessels, and more especially by the arrange- 
ment of the valves in the veins, which is such as only to 
make it possible for the blood to move in one way out 
and one way back to the heart. This, however, can only 
be learnt, as KEarvey, the great discoverer of the circula- 
tion learnt it — ^viz., by the study of the dead body. 
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RESPIRATION. — THE LUNGS. 

• * ■ * - • ." . 

237. The Fart Flayed by Oxygen in the Animal 
Economy. — The vital pmoer by which the human body 
performs its various functions — physical, muscular, and 
mental — is derived from the chemical force eliinina,ted 
during the combination of the oxygen of the air with the 
carbon and hydrogen of the tissues; just as in the case of 
the steam engincj the whole of the work done is executed 
by the heat developed during the chemical union of the 
oxygen of the atmosphere' with the carbon and hydrogen 
of the coal, or other fuel employed. The presence of 
oxygen at every point of the body, where work is to be 
done, becomes thus an indispensable necessity. This 
vivifying of the tissues, or supplying them with oxygen, 
and getting rid of the dead products of their oxidation, or 
combustion, is the chief function of respirA^iow or breathing, 

238. Bespiration may be defined as the process by 
which oxygen is absorbed by the blood through the 
medium of the lu7igs and skin; while carbonic add, 
water, and urea, are simultaneously excreted, 

239. Changes in the Blood daring Bespiration. — When 
the daKk purple venous blood, loaded with carbonic acid 
and other waste products, is brought by the jiulmonary 
capillaries to, and distributed over the suTface of the air- 
cells, the latter being simultaneously filled with air, the 
oxygen of the air being first dissolved in the liquid 
moistening the surface of the air-cells, passing by 
endosmose through their walls, and also through those of 
the capillaries, is immediately absorbed by the red cor- 
puscles of the blood, changing the blood to a bright scarlet 
colour. Simultaneously with the absorption of the 
oxygen, an equal volume of ca/rbonic a^dd gas is dis- 
cJiarged by exosmose into the air-cells, to be expelled 
from the lungs by the process of expiration. 

The da/rh venous unrespired blood thus dififers from 
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the bright scarlet arterial blood, the product of respira- 
•' tion, in containing not only less carbonic acid, urea, and 
f water, but much more oxygen. 

240. Proofs of Waste through the Longs.— 
(1.) Breathe through a glass vessel containing clear 

lime vxUer. The water immediately becomes 
white and turbid, from the formation of chalk or 
white carbonate of lime, thus proving carbonic 
acid gas to be evolved from the lungs. 

(2. Breathe on to a cold bright looking-glass or bright 
steel knife blade, it immediately becomes dim 
from the deposit of dew, thus proving the evolu- 
tion of water from the lungs. 

(3.) Breathe through a small quantity of strong 
sulphuric add in a glass vessel, after a time it 
blackens or turns brown, thus showing the 
presence of organic matter in the breath. 

This last experiment can only be i>erfomicd without great or even 
fatal danger by the practised chemist. 

241. The Scheme of Structure of the Lungs consists 
of (1.) A means of collecting and presenting, in the 
smallest possible space, a very extensive surface of blood, 
to a very large surface of air ; of (2.) A means of collect- 
ing and presenting, in an equally small compass, a large 
suT&Lce of air to the blood. 

The first object is effected by causing the blood to 
pass into a very extensive net- work of minute capillaries, 
the area of which is many times greater than that of the 
entire. body. This large surface of vascular net- work, 
which has been estimated at upwards of 1,400 square 
feet, is folded and packed up within the chest, and thus 
forms the chief bulk of the lungs. 

The second object is effected by an immense number of 
cavities {air sacs with pouched sides), or air cells, their 
"walls consisting chiefly of mu>cous membrane. These air 
sacs are closely lined on their exterior by the capillary 
««^Mw^ just described. (See fig. 47.) 

In addition to the above, the lungs necessarily contain 
a large number of blood-vessels and air tubes, to take the 
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blood and air to and from the lungs. They are also 
supplied with nerves and lymphatics. 

A very good idea of the plan of structure of the lungs 
may be formed by imagining a laarge sheet of fine silk, 
containing about 1,400 square feet, to be packed up in 
the chest, so as to leave myriads of minute air camti^es 
communicating with the external atmosphere. But in 
this case each minute fibre of silk, of wHch the woven 
tissue is composed, must be supposed to be not a solid 
fibre^ but a hollow tube, through which blood is circulat- 
ing. In any case the student should, if possible, 
endeavour to see a portion of lung tissue, especially its 
capillary structure, under a good microscope. Without 
such an opportunity, he can form no adequate idea of 
the exquisite beauty of the minute lung structures. 

242. The Lungs are the principal organs of respiration. 
They consist of two large, light, conical, pinkish, mottled, 
spongy, elastic organs, which surround the heart, and 
occupy the right and left sides of the cavity of the thorax 
or chest. They weigh about twenty-four ounces. The 
right lung is larger, and consists of three hhes or divi- 
sions, separated by cleffcs; the left contains but two lobes. 
These lobes again are divisible into lobules, each lobule 
constituting, in fact, a miniature lung. (See fig. 41.) 

Each lung consists essentially of an aggregation of air 
tubes, air sacs with cells, arteries, veins, and capillaries, 
with nerves and lymphatics. 

When an infant has once lived — ^that is, has once had 
its lungs inflated with air — they become lighter than, 
and will therefore float in, water. Hence, if a dead 
infant has been bom alive, and a piece of its lung be cut 
off", it will ^00^ in water ; if born dead, it will sink. As 
the lungs are the only viscera which will float in water, 
they are popularly termed, and are known by the 
butcher as " the lights** 

Experiment.— -Blow down the trachea into the ** lights " (longs) 
of a sheep; if not injured they will immediately become distended. 
Allow the air to escape and their elasticity yttl^ cause them to con* 
tract and expel the air. 
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243. The pressure of the air in the lungs in both the 
live and the dead subject presses them out, so that thej 
fill the entire cavity of the chest, excepting that occu- 
pied by the other organs. If, however, an aperture 
larger than that of the glottis were cut through the outer 
wall of the chest and outer layer, of the pleura, the ex- 
ternal air would rush in through the aperture and 
compress the lungs so as to cause them to collapse. 

244. Course of the Air in Breathing. — ^When the mouth 
is closed, the air on its way to the lungs passes 
through the two anterior nares (or nostrils) into the 
nasal cavities; from the nose through the two posterior 
nares into the pharynx ; thence through the larynx, 
tracliea, two bronchi^ bronchial tubes ; and ultimately, by 
slow mixture or diffusion, into the air cells. During its 
return, ifc of course takes the opposite direction. When 
the mouth is also open during breathing, a portion of the 
air passes through it and the fauces into the pharynx, 
where it joins the rest of the tidal air on its way to 
the lungs. 

245. The Air Tubes of the Lungs consist of an 
arborescent system of tubes, comprising the trachea, right 
and left bronchi, primary, secondary, tertiary, and ulti- 
mate bronchial tubes, by which the air is distributed 
to all parts of the lungs. (See fig. 49.) 

246. The Trachea (from Gr. trachus, rough), or wind- 
pipe, is the principal air tube of the lungs. It consists of 
a membranous tube, supported and kept open by sixteen 
to twenty imperfect rings (about two-thirds of the circle) 
of cartilage (gristle). It is about four and a-half inches 
long, and three-quarters of an inch in diameter. It 
commences at the bottom of the larynx, or voice box, and 
extends down to the lungs, opposite to the third dorsal 
vertebra, where it bifurcates or divides into two 
branches, termed respectively the right and the left 
bronchus. Its interior surface is lined with ciliated 
mucous membrane. (See fig. 49) The fi:onts of the cartil- 
aginous rings are turned outwards, and may be felt by 
rubbing the front of the throat with the finger, giving 
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it the rough, or uneven BuHace from which it derires its 
nama The hinder, third, or defective partfl of these 




rig. 4y.-Ltrt Lunt: and Air Tubea. 
rings are turned towards the bach of the trachea, and 
thus heing aituated immediately in /ron( of the asophagvs, 
or food-pipe, facilitate swallowing. 

The chief /uncf ion of these cartUaginmis rings ia to 
keep the walls of the trachea from collapsing, in which 
oase giiffbcation would ensue. 

The membranow portion of the trachea consists of 
areolar or connective tissue, and muscular fibre. 

247. The Bronchi are the air tubes which enter the 
■ right and left lung. They are formed bj the Hfurcaiioit 
of the trachea, and have the same general structure as 
that of the trachea, with the exception of their cartilagin- 
ous rings, which are entire rings, and not broken, as in 
the oase of those of the trachea. (See fig. 49.) 

24S. The Bronchial Tubes are the smaller air tubes, 
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formed by tlie dichotomous divisions and auLdiyiaions of 
the two brtmcki, which divide and subdivide like tha 
branches of a tree. (See fig. 49.) 

249. The Ultimate Bronchial Tubes are the smallest 
of the bronchial tubes; they terminate in the infundi- 
bula, and are formed by the laat or idtimate division of 
these tubes. Their walk are exceedingly thin; they are 
lined with tessellated or sqaamaus epithelium. They 
contain no cartilaginous structures. 

Inflammation of the bronchial tubes is termod bron- 

chitis. 

250. The Infnndibnla, or Lung Saos, are minute funnel- 
bhaped or conical expansions of the tennintd or vltimate 
bronchial tubes; they are about one-fortieth of an inch in 
diameter. Their walls are, as it were, punched out into 
Tery mihute pouches, indentations, or gaccules, termed 
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of Bronchial Tnbes. 
air cells. (See Fig. 50.) These walls consist of exceed- 
ingly delicate, j^roua and miuious membrane, covered on 
the inside with tesaeUated epithelium,, and lined on the 
outside by an exceedingly close capillary net-work, the 
diameter of the blood-vessels of which does not exceed 
the j,^ of w\ iocb. (See fig. 47.) The passages 
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or spaces in the lung sac between the air cells, and 
into which they open, are called inlenxUidar passages. 

251. The Air Cells, or Alreoli are the minute pouches 
or saccules on the yralla of the iT^undiiiula just described. 
they are about -^-g of an inch in diameter, and 
it is eaid that there are as many as 1,700 in each inr- 

/undiJmlum, and that the lungs contain 600,000,000 of 
these air eelU. (See fig. 50.) 

There is no communication between the walls of one 
air cell and another. But the capillary blood-vessels 
which line them (on the outside) are very generally 
placed between the walla of the adjacent air cells, so aa 
to project into the interior of each, so that the blood 
they contain is thus bathed by air on both sides of the 
blood-vessel, 

252. Cilia and Ciliated Epithelium (from Lat. dlium, 
an eyelash). The epithelial cells which line the interior 
of all but the moat minute air tubes of the lungs, conaist 
of minute conical, nucleated cells, which are attached by 

cmi their apices to the 

surface of the mucous 
membrane,their bases 




being turned towards 
the interior of the 
tubes. The haset of 
tbese cells are cover- 
ed with exceedingly 
minute microacopie m- 
bratiU thread-like pro- 
cesses, about ^^-^ of 
an inch long, termed 
cilia, the structure of 
which has not yet 
been determined. 
These minute processes or cilia, when seen under the 
microscope during life, as in the ciliated mucous mem^ 
brane of the pharynx of a frt^, are observed to keep up 
H continual wiroftYe or wave-like movement, much 
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resembling that of a miniature corn-field, the wave 
movement always being propagated in the same direc- 
tion. Their chief function in the human being appears 
to be to drive the dirt and mucus, which tend to collect 
in the air tubes, outwards. They line the Tiasal and 
other cdr cavities connected with them, as well as the 
air tubes previously described. Cilia are also found in 
the ventricles of the braiii. 

In some of the lower forms of animal life they con- 
stitute the chief means of locomotion, also the means by 
which they obtain their food. 

253. The Chief Blood-vessels of the Longs are the two 
pulmonary arteries which take the venovs blood from 
the right ventricle^ and distribute it to the capillaries of 
the lungs, and the four pulmonary veins which return 
the blood from the lungs to the left auricle, (See 
figs. 3 and 41.) 

254. Composition of Atmospheric Air. — ^Every 100 
parts of ordinary unrespired air contains nearly 21 
parts of oxygen gas, and nearly 79 parts of nitrogen 
gas, together with a minute portion of aqvsous vapour, 
and a still more minute portion, about -^,-^tru> ^^ carbonic 
€Knd gas. 

The following Table shows more approximately the 
composition of ordinary and respired air, supposing 
(which is not the case) that the quantity of aqueou^s vapour 
remains unchanged. 



Atmosfhxrio Air— Pure. 


Respired. 


Oxygen,* . » . ♦ 20*61 
Nitrogen, . * . . 77*96 
Carbonic Acid, • • 0*04 
Aqueous Vapour, • « 1*40 


16*26 

77*96 

4*39 

1*40 


10000 


100*00 
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255. Changes in Respired Air. — Bespired air, as it 
leaves the lungs, differs from ordinary air — 

(1) In containing about four and a half to five per cent. 
less oxygen. 

(2) In containing about four and a half to five per cent, 
more carbonic acid. 

(3) In being saturated with aqueous vapour. 

(4) In containing urea and other highly decomposable 
animal matter. 

(5) In its comparatively high temperature, usually 
about 98« Fahrenheit. 

The quantity of nitrogen expired varies but slightly. 

The quantity of the various substances given oflf 
during respiration varies, however, with age, sex, health, 
amount of bodily labour, period of the year, tempera- 
ture, (fee. 

Dr. Smith found an increase in the quantity of carbonic 
acid given off per minute, to the extent of two cubic 
inches for each lib. weight carried by a soldier in 
marching order. 

The quantity of aqueous vapour expired varies very 
greatly, but may be taken on the average as equal to 
nine or ten ounces (half to three-quarters of a pint) 
per day. 

The average quantity of solid carbon breathed out 
daily in the form of carbonic acid gas would be equal 
to a lump of pure charcoal weighing s&cen to exgM 
ounces. 

256. Ventilation (from Lat. ventus, the wind) is the 
process by which bad, vitiated, or respired air is system- 
atically and continuously removed from a room or 
chamber, and its place supplied with pure, unrespired 
air. No room is fit for human habitation which is not 
properly ventilated. No human being should sleep in 
a room, or live, or work in a workshop, which is less 
than nine feet square, or which allows less cubical space 
per head than 700 to 800 cubic feet — ^viz., the cubical 
contents of such a room; and the whole of the air in 
such a room should be changed by a proper system of 
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ventilation at least twice each hour. The cubical space 
here mentioned is that professedly allowed in all well- 
appointed hospitals. 

That an amount of pure air, equal to that just given, 
is required for healthy subsistence, is sufficiently proved 
by the following facts : — ^An average adult passes through 
his lungs per day nearly 400 cubic feet of air, which he 
robs of nearly five per cent., or nearly 20 cubic feet, of 
pure life-giving oxygen, and poisonsy by discharging into 
it about the same bulk of carbonic acid gas and decom- 
posable dead organic matter. Suppose such a man to be 
hermetically closed up in such a room, in the course of 
twenty-four hours there would remain in that room no 
portion of the gas which had not parsed into and out of 
his lungs, or which had not contributed its five per cent. 
of its oxygen towards the sustenance of his vitality, or 
which was not laden with five per cent, of his burnt 
tissues. 

257. Source of the Carbonic Acid. — If the larger part 
of oxygen respired combined with the tissues or the 
constituents of the blood before it leffc the lungs, the 
evolution of Iieat in the lungs would become so great as 
to destroy life. The lungs, on the contrary, are little it 
any hotter than other organs in the interior of the body; 
consequently the lungs cannot, as was formerly supposed, 
be the sole, or even the chief seat of the combustion of 
the tissues. 

Animal heat is developed, and consequently slow 
combitstion must proceed all through even the most 
remote parts of the body. Every living molecule in the 
body is probably in its turn a seat of combustion and a 
source of carbonic acid. The red coi'puscles of the blood, 
the oxygen carriers, probably absorb and dissolve oxygen 
in the lungs, and carry it out in solution even to the 
most remote tissues, delivering it up to hungry molecules 
surrounding or adjacent to the capillaries on their outward 
life-giving journey, and receiving and returning laden 
with the product of the burnt molecules, chiefly in the 
form of carbonic acid gas in a state of solution. The 



126 ANIMAL PHYSIOLOGY. 

animal lieat, the result of this combustion, would thus be 
developed at all points in the system, and not in the 
lungs only, as would be the case if they were the chief 
seats of the combustion of the tissues. 

Professor Huxley compares the blood circulating 
through its vessels, and receiving heat from burning 
tissues at all surrounding points, to a system of pipes 
surrounded by little gas flames, through which water is 
continuously circulating. 

The oxygen passes from the capillary blood-vessels to 
the tissues by exosmose; the carbonic acid passes from 
the region of tissue combustion through the walls of the 
capillaries to theii* interior by endosmose. 

When the venous or impure carbonic acid laden air 
reaches the lungs, and comes into contact with the oxygen 
of the air, the carbonic acid passes by exosmose into the 
air sacSf while oxygen passes from the air sacs into the 
blood in the pulmonary capillaries by endosmose. The 
walls of the lungs then contract by reflex action, expel- 
ling a portion of the contained air, thus constituting 
expircUion, 

258. Mechanical Movements of Respiratioa — The 
process of respiration is effected by means of the alternate 
enlargement and diminution of the cavity of the chest or 
thorax, the movements in this process very nearly 
resembling the action of an ordinary bellows in blow- 
ing a fire. 

When the cavity of the chest is enla/rged, air rushes 
in, impelled by its own pressure or elasticity: this con- 
stitutes inspiration. When the cavity of the chest is 
diminished by the pressure and weight of its own walls, 
a portion of the enclosed air is forced out : this consti- 
tutes expiration. 

The chief causes of these movements are : — 1*^, The 
mobility of the walls of the chest, the chief agents of 
which are the respiratory muscles; 2ndf The elasticity 
of the lungs. 

259. The Thorax or chest is a closed, air-tight, conical, 
or bee-hive shaped cavity, containing but one opening. It 
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is situated in the upper half of the trunk, its base being 
turned downwards so as to rest on the top of the 
abdomen. 

The interior cavity of the thorax is occupied by the 
heart, lungs, and great blood-vessels. (See fig. 3.) The 
heart, the lungs, and the walls of the chest are lined by 
serous membranes, termed respectively the pericardium 
and the pleurce. 

The walls of the thorax are built up of the twelve pairs 
o£ ribs or costse, the costal cartilages, the sternum, the 
twelve dorsal vertebrce, and the intercostal muscles. The 
iJwrax is closed in below by a floor of tendon and muscle, 
termed the diaphragm. 

The bony and cartilaginous structures of the chest form 
a sort of cage, the openings or interstices of which are 
filled up by muscles. 

The cavity in the centre of the chest, between the 
two lungs, which contains the heart, its blood-vessels, 
and a part of the oesophagus, is termed the mediastinum, 

260. The Pleura is the serous membrane which lines 
the interior of the walls of the thorax, and is reflected on 
to the upper part of each lung from its root downward, 
so as to form a complete covering or investment for 
them. (See fig. 3.) 

During the movements of respiration, the two surfaces 
of the pleura — ^viz., that which lines the wall of the 
chest, and that which lines the outside of each lung — rub 
against each other. The two surfaces of the pleura 
which rub against each other are moistened or lubri- 
cated by serous fluid, which prevents friction. 

Inflanunation of the pleura is termed pleurisy, or 
pleuritis. 

Those portions of the pleura which line the two lungs 
are termed the viscercd layers of the pleura; that which 
lines the walls of the chest is termed the parietal layer 
of the pleura. The whole forms a closed sac or shut 
cavity. 

The arrangement of the lanes and the two pletwcB may be illas- 
^ted t^ folS)W9 :--Procure a larj^e sponge, which will represent 
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the lungt; place the sponge id a tliin paper bag which ju9t fiU it ; 
thin will represent the vinceral layer of the plmra. Place the 
upotigt and paper ban ineide a Kcond, and therefare enter paper 
bag, which will represent the parietal layer of the ptexira. Join 
the mouths of the two bags. The two surfaces of the ba^ which 
are now in contact will represent the two moistened surfacea of 
the pleura, which ruh together in breathing. 

261. The Diaphragm or Midriff is the large tbin 
•nvuiculo-tendinotis, somewhat fan-shaped septum, parti- 
tion, or dividing membrane, which separates the cavities 
of the thorax and the abdomen, and forma ijht Jloor of 
the thoracic, and the roofoi the abdominal cavity. 



Fig. S2. Showing Diaphragm seen ti«m the lower or Ahdoiitiiial 

Ita central tendinous or whitish portion, which is 
termed its aponeurosis, consists of white fibrous tissue, 
and somewhat reaembloa in shage that of a clover loaf. 

It is attached in front to the cartilage of the sternum, 
ou. the sides, and posteriorly to the ribs; also, to the 
lund/ar portion of the vertebral columa behind, by means 
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of two masses of muscle^ termed the pillars of the 
diaphragm. 

It contains three large important and several small 
openings, all of which are air-tight. The three larger 
openings are — one for the oesophagus, one for the aorta, 
and another for the vena cava inferior. The thoracic duct 
also passes through the diaphragm. 

When in a state of rest, it arches up considerably into 
the region of the thorax. When its muscular portion 
contracts, it becomes much smaller superficially, and 
consequently flattens down upon the contents of the 
abdomen, driving out and forwards the abdominal walls, 
and materially increasing the size of the cavity of the 
t/iorax. 

The principal nerves of the diaphragm are the phrenic 
nerv'es. 

262. Ordinary Inspiration. — During inspiration the 
cavity of the chest is enlarging — vertically, by the con- 
traction and consequent descent of the diaphragm; 
laterally and antero-posteriorly, by the twisting and 
elevation and consequent lifting or pushing outwards 
of the ribs and sternum, and consequently of the walls 
of the chest. 

As the cavity of the chest is thus enlarging, a 
tendency to the formation of a vacuum is produced. 
This is, however, simultaneously counteracted by the 
pressure of the external atmosphere, which, pressing 
with a force of fifteen pounds on the square inch, imme- 
diately rushes down the air-tract (that is, through the 
mouth, or nose, or both) into the pharynx, thence suc- 
cessively through the glottis into the larynx, the trachea^ 
the bronchi, the hronciiial tubes, ultimately reaching the 
air sacs and cells of the lungs by " diffusion^ 

The various movements here indicated are produced 
as follows : — 

(1) The levatores costarum (muscles which elevate the 
upper ribs) contract, slightly raise, and^a? the upper 
ribs, which thus become a base of operations for the 
lower ribs. (See Appendix fig, -^2.) 

14* I 
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(2) The external intercostal muscles, whicli fill up the 
spaces between the ribs ; also, a portion of the internal 
intercostals and of the trianguli sterni now contract, 
drawing ttp and outwards the remaining ribs. 

(3) The diaphragm (a large flat muscle, fixed by its 
outer rim of periphery) now contracts from its tendinous 
centre, thus causing it to descend. 

The various movements here described really take 
place simtdtaneously. There are also other muscles 
than those now mentioned, which take part in these 
changes, which have been omitted for the sake of greater 
simplicity. 

During very gentle respiration this work is effected 
almost entirely by the movements of the diaphragm, 

263. Extraordinary Inspiration. — During very violent 
or forced inspiration, the capacity of the chest is greatly 
enlarged by the additional action of the following 
muscles; viz., the serratus, lattissimus dorsi, pectoral, 
and stemo-mastoid muscles ; in fact, of all the muscles 
of the back and neck which can assist in raising the ribs. 

264. Ordinary Expiration is chiefly effected by the 
elastic recoil of the ribs, cartilages, and the lung tissues, 
and by the action of gravity, which causes the ribs and 
other organs to fall into their original positions so soon 
as they are released from the action of the inspiratory 
muscles. Expiration is, in fact, mainly due to the return 
of the lungs, ribs, and diaphragm, to the condition they 
were in before inspiration. The internal intercostals, 
muscles which pull the ribs downwards, also probably 
aid in even ordinary expiration. 

265. Extraordinary Expiration is effected by the addi- 
tional aid of the internal intercostal muscles, the 
abdominal muscles, the muscles of the ba(^, the loins, 
the pelvis, and, in fact, in excessive oases, of most of the 
muscles in the body. 

266. Costal or Pectoral Respiration. — ^T^en the pro- 
cess of respiration is effected chiefly by the movements 
of the ribs, or the upper part of the chest, as in the case 
of women, or of persons labouring under inflammation in 
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any part of the abdomen, it is termed costal respi- 
ration. 

267. Diaphragmatic or Abdominal Respiration. — ^When 
respiration is mainly effected by the movements of the 
diaphragm, with its corollary, the continued backward 
and forward movement of the contents of the abdomen, 
it is termed diaphragmatic. 

The difference between these two modes of respiration 
are well illustrated by the difference in the movements 
of the chests of male and female singers, so obvious in 
large concert-rooms, especially after or during the for- 
tissimo passages. Costal and diaphragmatic respiration 
are, however, nearly always conjoined. 

268. Snoring is the noise produced by inspiration 
through the mouth during sleep. It is caused by the 
current of air impinging against, and being broken by, 
the uvula, 

269. Sighing is a deep, prolonged, slightly sonorous 
inspiration, in which a larger than usual quantity of air 
enters the lungs, to compensate for a series of previous 
imperfect respirations. 

These imperfect respirations, or aerations, are in 
general due to the lungs being deprived of their usual 
supply of nervous/oi'ce, in consequence of sustained atten- 
tion or mental emotion. 

270. Sniffing is an inspiratory act, which differs from 
sighing chiefly in being more rapid, and in the air being 
inade to pass through the nose by the closure of the 
mouth. 

271. Yawning is very deep sighing, accompanied by 
depressive movements of the lower jaw, and elevation of 
the ribs and shoidder blades. It is due to an exaggeration 
of the same causes as those which give rise to sighing. 

272. Coaghing is a sudden violent forcible eospiration, 
whose, object is the expidsion of some irritating or 
offen(ting matter from the walls of the air-passages. It 
is a purely reflex action. It is immediately preceded by 
a deep inspiration, the glottis is then first closed, and 
immediately afterwards violently burst open by the 
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compression of the air by the contraction of the ahdo- 
mined and other expiratory muscles, the ejected stream oi 
air being expelled through the mouth with sufficient 
force to carry with it the miuyus, or other offending 
matter by which the action was first excited. 

Even comparatively slight attacks of bronchitis are fatal 
to infants, who have not the power, experience, or judg- 
ment to expel the collecting mucus, &c., which ultimately 
kills by suffocation. 

273. Sneezing only differs from coughing in the fact 
that by the closure of the /awces the blast of expired air 
is driven through the nose, 

274. Sobbing consists of a series of short spasmodic 
inspiratory contractions of the diaphragm, usually accom- 
panied by simultaneous contractions or closures of the 
glottis, by which air is prevented from entering the lungs. 

275. Hiccough consists of a series of short convulsive, 
inspiratory contractions of the diaphragm, similar to 
those of sobbing — the glottis in this case, however, 
closing spasmodically as the air enters, thus continually 
stopping it in its course, and giving rise to the sounds 
peculiar to hiccough, 

276. Crying and Laughing are, physiologically speak- 
ing, acts of a precisely similar character. They consist 
of a series of short, convulsive, expiratory movements of 
the diaphragm and muscles of the chest, the glottis being 
open, and the breath being forced out in a series of jerks, 
until the diaphragm Jbecomes more arched upwards, and 
the chest more completely emptied of air than it can be 
by any ordinary expiration. 

277. Frequency of Respiration. — An ordinary adult at 
rest breathes on the average eighteen times per minute; 
during disease the number of respirations may amount 
to 100 per minute. The number of respirations per 
minute increases very greatly with exei-tion, as during 
running. It also increases with the rarity of the atmo- 
sphere, being greater up high mountains than on the 
plains below. 

278. Jlew^nal Air.^Afl^r the fullest a»d most com- 
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pleie expiration possible, from 75 to 100 cubic inches 
remain in the lungs, and cannot be got rid of. This has 
been termed the residtud air, 

279. Tidal or Breathing Air. — During ordinary breath- 
ing an average adult inspires and expires from 20 to 30 
cubic inches, or a little more than a pint to a pint and 
a-half each respiration. This has been termed tidal or 
breathing air, 

280. Complemental Air. — The quantity of air which 
can be drawn into the lungs by & forced inspiration, over 
and above that which is drawn into the lungs during 
an ordinary inspiration, has been termed complemental 
air, 

f 281. Supplemental Air. — The quantity of air over that 
of the residiwl air, which remains in the lungs after an 
ordinary expiration — viz., 75 to 100 cubic inches — ^has 
been termed the supplemental air. 

282. Capacity of the Lungs. — The lungs of an ordinary 
person are thus capable, when fully inflated by forced 
inspii*ation, of containing, say 100 cubic inches residiuil 
air, 30 cubic inches tidal air, 100 cubic inches comple- 
mental air, and 100 cubic inches supplemental air, thus 
giving a total of 330 cubic inches as the capacity of 
the lungs. 

The greatest respiratory capacity of the lungs, as 
indicated by the greatest quantity of air which a person 
can expel from his chest by one continued, forcible 
expiration (as measured by the spirometer) has been 
termed the vital capacity of that person. It varies with 
stature, weight, age, &c., and increases about 8 cubic 
inches for every inch of stature. 

The average vital capacity of a healthy man, 5 feet 
7 inches in height, is 225 cubic inches. The vital capacity 
does not depend so much upon the size of the chest as 
upon the mobility of its walls, which is greatly increased 
by proper gymnastic training. 

The tightness of the dress, even as ordinarily worn, 
seriously lessens the breathing capacity. A man who, 
when undressed, could take in 190 cubic inches of air by 
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9k forced inspiration, could, when dressed in his ordinary 
clothes, only inspire 130 cubic inches. 

Sedentary occupations, working or standing in cramped 
positions, sleeping in rooms without fire-places or with 
the fire-places stopped, sleeping with the head under the 
bed-clothes, seriously impede respiration, and conse- 
quently lower the tone of health, and lessen the growth 
of young people. 

283. Artificial Respiration. — ^When life has been sus- 
pended by partial suffocation, as by drowning or hanging, 
it may frequently be restored by a system of artificial 
respiratiorif by means of which pure air is systematically 
passed into and out of the lungs, by the adoption of a 
judicious series of mechanical movements, by which the 
natural movements of inspiration and expiration are 
imitated. 

In all cases of attempted restoration after drowning 
or suffocation, the back of the throat or mouth should be 
first cleared of any dirt or muajLS which may have col- 
lected there, and the tongue be drawn forward or out- 
wards, so as to prevent its root falling backwards, and 
stopping the entrance of the larynx, 

284. Asphyxia or Suffocation is the term applied to 
that condition of " oxygen ata/rvation " which is induced 
by the prolonged suspension of the process of respira- 
tion. If sufficiently prolonged, it terminates in death. 
When death is caused by avocation, it arises from the 
cessation of the action of the heart and the consequent 
a/rrest of the circulation. This result is brought about 
very nearly as follows : — 

1. The very slightly aerated blood is very greatly retarded 
daring its return passage through the capiZ2art6a of the lungs, con- 
sequently the pulmonary arteries become gorged with venous 
blood. 

2. The passage of the blood through the right ventricle of the 
heart being thus obstructed, the rigM side of the heart becomes 
consequenSy distended and engorged with impure or venous blood. 

3. The arteries and the l^ side of the heart then for a shx)rt 
time become distended with blood, and heat violently. 

4. The arteries, now slowly contracting (possibly from the 
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btimolas of the impure blood they receive), nearly empty them- 
selves of their contents, driving the blood into the venous system. 
5. The brain and nervous system, being now supplied only with 
non-aSrated, that is venous blood, (the whole of the available 
oxygen at first contained in the lungs being by this time used up) 
become paralyzed, and cease to send the necessary nervous force 
to the heart : the heart therefore ceases to beat. 

When a man dies by choking or strangulation, the 
face blackens or becomes of a deep purple hue, the veins 
of the face and the neck become greatly swollen, and the 
man becomes convulsed and insensible. Bleeding is 
sometimes useful in restoring the circulation. 

When the body is examined after death by suffbcatum^ 
the. right side of the heart, and veins in general, are, 
usually found greatly distended and engorged with vemms 
blood, while the left side of the heart and the arteries 
are found comparatively empty. 

Many imperfectly authenticated cases are reported 
of animation having been restored after respiration 
had been suspended for a period of half an hour; one 
properly authenticated case, however, is known in which 
animation was restored after respiration had been sus- 
pended during a period of a quarter of an hour. 

285. Asphyxia produces death in inflammation of the 
lungs and in bronchitis by suffocation, produced through 
the obstruction of the air passages and air cavities by 
pblegm, mucus, coagulable lymph, and pus, formed and 
collected during the progress of the disease. 

286. Respiratory Sounds or Murmurs. — ^When the ear 
is applied to the chest, or to a suitably formed piece of 
wood (as a stethoscope) placed in contact with the chest, 
certain sounds, produced by the passage of the air 
through the bronchial tubes, can be distinctly heard. 
As these sounds differ very greatly when the lungs are 
invaded by disease — as when they become filled with 
fluid, or when a portion of the lungs becomes filled with 
solid tuherctiloTis matter, or ulcerated into large cavities 
— ^they are of the greatest possible use to the physician 
in judging of the condition of his patient. 
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CHAPTER IX. 

ANIMAL HEAT. 

287. Animal Heat is, as has been shown, a con- 
sequence of respiration. It is generated wherever the 
blood or tissues of the organism are oxidated or converted 
into carbonic acid, water, urea, or uric acid. Every 
capillary vessel, every point in the tissues external to 
the capillaries in which this act of combustion takes 
place, becomes practically a " small fire-place, in which 
heat is being evolved in proportion to the activity of the 
chemical changes which are going on." 

288. Exercise promotes the increase of the anirrwl heat 
by increasing the chmiical acticm of the body. The atmo- 
sphere of high mountains tends to lessen the temperature 
of the body, because of its rarity and the consequent 
insufficiency of the oxygen. 

It has been estimated that the amount of heat gen- 
erated in the human body in the course of twenty-four 
hours is sufficient to boil six gallons (about 60 lbs) of 
ice-cold water. 

289. The Animal heat is regulated by the skin and by 
the organs of circulation. The former keeps down the 
temperature through the agency of the perspiration^ by 
which evaporation is promoted in a ratio proportionate to 
the surplus heat generated — ^the latter by distributing it 
uniformly through the body. 

Nothing tends to keep down the accumulation of heat 
more than evaporation, by which heat is rendered latent 
•or insensible. 

Experiment. — Place two iron sance-pans on a fire, the one 
empty f the other /mW of water. The empty sauce-pan will quickly 
become red-hot^ the other will become no hotter than boiling water 
until the water has all V)iled away, it will then quickly become 
red-hot like the former one. The neat has been regulated — that 
is, kept down and made uniform by the vapour carried off from the 
boiling water. 
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One pound of boiling water boiled into steam will 
carry off as mncli heat in the latent or insensible form as 
will raise 6^ pounds of ice-water to boiling point. 

It is thus that the skin regulates the animal heat in 
a Turkish bath, or that a live animal might live in a 
hot oven in which a dead one would be roasted. In 
other words, the perspiration keeps down the animal 
heat. (See Sudoriparus Glands.) 

290. The Average Temperature of the interior of the 
human body is 98° to 100° Fahrenheit; but it varies 
slightly with age, health, exercise, climate, (fee. In danger- 
ous fevers, it rises 8° or 10° above this, in consequence of 
the skin's not performing its functions properly. One of 
the first objects of the physician, therefore, is to restore 
the healthy action of this organ. 

During infancy and early childhood the power of 
sustaining the animal heat is most feeble : nothing, 
therefore, can be more absurd or dangerous than the so 
frequent custom of attempting to " harden their constitu- 
tions^* by keeping children bare-legged or by indiscri- 
minate cold bathing. 

291. Those animals which continually preserve, in 
temperate and cold climates, a temperature considerably 
above that of the surrounding objects — as in the case of 
the birds and mammalia — di.TQtevT3ied.wa/rmMooded; those 
the temperature of whose bodies is little or nothing 
above that of the medium by which they are surrounded 
are termed cold-blooded animals. 

Clothing promotes the animal heat only by lessening 
the rapidity of its escape. 



CHAPTER X. 



DIGESTION. — ORGANS OF DIGESTION. 

292. Digestion (from Lat. dis, asunder; and gestus, 
carried), in its larger sense, is the process by which the 
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nutritious are separated from the tTinutritious or useless 
parts of the food, and converted into blood. 

As these processes for the most part take place in the 
alimentary canal, they are frequently described as con- 
stituting the function of alimentation. 

293. General View of the Alimentary Canal. — The ali- 
mentary canal is a mu^culo-membra/nous tube, about 26 
feet long, which, commencing at the mouth, passes, by a 
series of coils or convolutions, the whole length of the 
body, and terminates at the rectum. It consists of /our 
coats or layers, as explained in section 316, describ- 
ing the coats of the stomach. Commencing at the mout/h 
and the lips, and continued into the pharynx, it after- 
wards, in its downward course, forms the cesophagus or 
gullet; then, eocpanding largely, it forms the stomach; again 
contracting, it forms the small intestines; and lastly, again 
expanding, it forms the large intestines. (See figs. 5 3 & 6 1 .) 

294. General View of the Coarse of the Food and the 
Changes it undergoes.— The solid food, on entering 
the mouth, is masticated or broken up into minute por- 
tions and mixed with the saliva (spittle), swallowed, 
and mixed with an add juice poured into it on its 
entrance into the stomach, the liquid (the gastric juice) 
exuding from its walls. Here the proteids are more or 
less dissolved and absorbed by the veins of the stomach ; 
also so much of the starch of the food as has been under 
the influence of the saliva converted into siLgar. When 
thus prepared in the stomach it is called chyms; the 
chym>e then passes into the small intestines, where it is 
mixed with two other juices, this time not acid, but 
alkaline, poured out to meet it and make its fatty por- 
tions soluble, or at least absorbable. It is now termed 
chyle. It is gradually vxyrhed or pressed along the 
intestines, all the useful or nutritious parts being gra- 
dually absorbed by the lacteals and veins, until its arrival 
at the end of the large intestines, where it is expelled 
from the body. 

295. The fatty parts absorbed by the la/steals make their 
way directly by the thoracic duct to the left subclavian 
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Vein, and thence by the upper vena cava to the heart. 
The dissolved proteids and the mgar (and probably some 




Fig. 53. Showing Course of ¥atA. 
of the fi^) are, however, obliged to take a longer and 
more mrmitoua route on their way to the heart. They 
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are first collected from the veim of the tlotnaclt and 
iniettiitea, thea passed by the portal vein to, and circii- 
lated through the liver; after ■which they are passed with 
the blood from the liver into the hepatic veins, hence 
to the lower vena cava, aud by it poured into the heart. 

296. The Month is the irregwlar, somewhat oval- 
shaped cavity which forms the commencement of the 
alimentary canal, and in which the food ia tnaslicaled. 







Fig. 54^ The Month ebowiug Tocgue, Fatate, Ac 

It is bounded in front by the Upa ; on the side, by the 
cheeks and portions of the upper and lotoer jawa ; above, 
by the hard palate which forms its roof; behind, by the 
ftj/i palate and /auceg; and below, by the tongue and 
mucous membrane, reaching from beneath it to the front 
of the inside of the lower jaw, which form a sort of 
movable floor. (See Fig. 64.) 

The cavity of the mouth ia separated from that of the 
nose by the hard and soft palates ; the latter, also, with 
its prolongation, the uvula, and with the ^gloltis, sepa- 
rate it from the pharynx. 
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When the mouth is shut the dorsum, or back of the 
tongue, touches the palate. 

297. The mouth contains the tongue and the teeth, 
by which, with the aid of the jaws and the salivary- 
glands, the food is masticated and insalivated. It and 
the tongue are lined with miiccyus membrane, which is 
more or less studded with little buccal glands, about the 
size of millet seeds, which supply through their ducts, 
which open into the mouth, a portion of the necessary- 
moisture. Theparotidf suh-ma^Uary, and the sub-lingual 
salivary glands, however, supply nearly all the saliva 
that enters the mouth. 

298. Mastication, or Chewing, is the process by which 
the food is broken, crunched, and ground by the teeth, 
aided by the tongue, cheeks, lips, and jaws. The object 
of the process is to overcome the force of cohesion^ and 
thus promote the solution or liquefaction of the food. It 
is effected by an up-and-down or vertical^ an antero- 
posterior or front to back, and a lateral or side-to-side 
(the two latter together producing an oblique) motion 
of the jaws. By the combined movements of the tongue, 
aided by the contractions of the lips and cheeks, fresh 
portions of the solid food are continually pressed between 
the crowns of the teeth, until the whole of it is masti- 
cated or ground down. 

299. Teeth. — Man is provided during life with two sets 
of teeth — ^the^s^ of which appear during infancy — termed 
the temporary, deciduous or miUc teeth; the second set, 
which begins to appear during childhood, but which is 
not completed until the wisdom-tQQth. have appeared, 
about the commencement of adult life, are termed the 
permanent teeth, 

300. Structure of a Tooth. — Each tooth consists of 
three parts — viz, a crown, a nech, and B.fang or root. 

The crown or body of the tooth is that portion of it 
which projects above the gum; the fcmg is that portion 
which is buried in the gum; the neck is the constriction 
which separates the crown from ihefam^g. 

The crown of the tooth is covered witb ^mmel', the 
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fang is covered with bony tissue, called the crutta 
petrosa or cemCTiftim but the mass of the tooth consists of 
d&Utne (See figs 30, 31, and 56.) 

Each tooth alaocontains a centrtd cavity, termed theptiip 
cavity, "which encloses the tooUi- 
pulp, consisting of Tiemea and 
blood-vessels. When these are 
exposed to the air by the decay 
of the tooth, it causes toothache. 
The tooth cavity has but one open- 
ing at the end of ^efang, through 
which the nerves and blood^ettdi 
pass to the tooth. 
Pig. 65.— Vertical SecUon 301. The PBnuauent Teeth, 
o£»Mol»rTootb. .^j^^^ complete, are 32 in num- 
ber ; they are arranged in the form of arches in the sockets 
or aiveoli of the upper and lower jaws. (See fig. 6i.} 




Fig. 56.— Showing Differently Shaped Teeth. 

Each dental arch (gum) contains 16 teeth. These 

sixteen teeth contain four types, shapes, or varieties, as 

shown in the diagram (fig. 56)-— viz., four incisor, two 

canine, fonr bicuspid, and six molar teeth. 

■Fhtt InolBor, or oattins teeth, are the fbnr cbiiel-edicad or 
bevelled (from the interior) teeih situated in front of each jaw. - 
They me need in euttir^ the food, and are largely daTeloped in tbe 
rodentia (gnawing aoimalB), aa in rata, squirrels, soa rabbits. 
They poaaesa but one fang. 

'Ao Oanlnfl Teeth (cnaptda) are the two larger ■)Dgle-p<dntod 
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one-fanged teeth in each jaw, situated one" on each side of the. 
incMore, 

The BiQUspid Teeth (from Lat. ciupia, point of a spear), pre- 
molars or false molars, are double pointed at the top of the crown. 
They possess but one fang, and are placed outside the canine teeth, 
two on each side of each jaw, making eight in all. 

The True Molars (from Lat. mala, a mill-stone) are the 
three last teeth on each side of each jaw (twelve in all). They 
are the largest of the teeth : their crowns present four or five points 
or cusps, and they have two or five fangs. Their function is to 
smash and grind the food. 

The Milk, temporary, or deciduous teeth, consist of a series of 
twenty teeth — viz., four incisors, two cauine, and four molars in 
each jaw, which soon decay. 

Their removal, which is necessary from the growth of the jaws, 
is effected by the permanent teeth, whose growth from below 
causes their crowns to press against the fangs of the upper row of 
temporary teeth ; thus stopping the supply of blood to them, and 
consequently arresting their nutrition and causing their decay. 

302. InsaUvation is the process by which the food 
during mastication is mixed with air and saliva. The 
saliva facilitates swallowing by lubricating the food, — it 
makes the starch in the food soluble, by ultimately con- 
verting it into sugar. It also makes the food more 
permeable to the juices of the stomach. It promotes 
taste by dissolving the sapid substances in the food. 

803. The Salivary Glands are the three pairs of con- 
glomeraie glands which secrete the saliva. The largest 
are the parotid glands, situated immediately below and in 
front of the ear : they weigh from ^ oz. to 1 oz. each. 
Their du^ts, about 2^ inches long, open upon the inner 
surface of the cheek by orifices opposite the upper second 
molar teeth. 

The suh-maaUlary glands are situated near the neck, 
in the lower jaw, under the floor of the mouth; their 
dvcts, about 2 inches long, open under the tip of the 
tongue. 

The sublingual glands are also situated, as their name 
impliesi under the tongue ; but not quite so far back 
as the suh-TnaxUlarT/. Tlieir ducts also pour the saliva 
into the mouth under the tip of the tongue. For the 
more minute structure of these glands, (see section 355.) 
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304. The Saliva or spiitle b the thin, watery, slightly 
viscid and frothy liquid poured into the mouth from the 
buccal and sakvary glands. It usually eontaiiiB a little 
mueu«, alao epit/ielial amies, which render it slightly 
opaleseent. 

It contains a small quantity of a peculiar nitrogenoua 
principle, capable of converting starch into sugar ; this 




principle, which does not act on fats or dSntminffiia sub- 
stances (proteids), is termed ptyalin, 

305. The Pharynx (from Or. pharugx, the gullet) is the 
funnel-ahaped part of the alimentary canal, which is 
placed inonediately behind the mouth, nose, and larynx. 
It is separated from the cavity of the mouth by the *j/i 
falate, uvula, and the e^glotfie {see fig. 67). It is about 



DEGLUTITION. 145 

4^ inches long, varies from 2 inches at its upper to 1 
inch at its lower extremity, and has seven openings 
into it — ^viz., the two posterior nares (nostrils), the two 
EtLstachian tzibes, the mouth, larynx, and oesophagics. Like 
the rest of the alimentary canal, its interior is lined 
by rmicoits membrane. It is supplied with several 
muscles. 

The pharynx always remains open, to allow air to pass 
from the mouth and nose to the tracliea. The sides of 
the oesophagus and the stomach collapse and wrinkle up 
when they are not active. 

306. The (Esophagus (from Gr. oiso, I carry; and 
pliago, I eat), gidlet or food-pipe, is the musculo-mem^ 
hranous tube which forms that part of the alimentary 
canal which passes from the pharynx through the dia- 
phragm to the cardio/i orifice of the stomach. It is about 
9 inches long, and forms the narrowest part of the ali- 
mentary canal. Its upper part is supplied with striated 
muscular fibre, its lower part with non-striated muscular 
fibre only. (See figs. 53 and 67.) 

307. Deglutition, or swaUowing, is the process by which 
food or drink is forced down the CRSophagus or gullet into 
the stomach. That both solid food and drink do not. 
simply /a^/ by the action of gravity into the stomach is 
proved by acrobats and others, who sometimes perform 
the feat of eating and drinking " while standing on their 
heads." In the case of horses and other similar ani- 
mals, the food and drink have to pass from the mouth 
upwards, against gravity, before they can reach the 
stomach. 

308. If the student carefully watch the process of 
swaUowing, as it takes place in his own person, he will 
find that, almost unconsciously, as the food becomes 
masticated, saturated, and covered with saliva, the tongue 
collects it into a mass or bolus, passes it along its dorsum 
or back, thrusts it by a backward movement into the 
pliarynx, where it is immediately and involuntarily laid 
hold of by its muscular walls, and forced down the otso- 
phagus, gullet or food-pipe, into the stomach. 

14* K 



146 ANIMAL PHYSIOLOGY. 

309. Simultaneously with, or immediately preceding 
the food's being thrust into the pharynx, the soft palcUe 
{velum palati) is pushed up, by which the food is shut 
out from the nasal cavities, and the epiglottis is pushed 
down, so as to act as a sort of bridge or trap-door, by 
which the food is shut out from the tracJiea, in which, if 
it entered, it would produce great disturbance, or (as it 
has in some cases) even fatal injury, and over which it 
passes into the oesophagus, gullet or food-pipe, the tracJtea 
meanwhile, for its better protection, being drawn under 
the tongue. 

310. When tightly laid hold of by the muscular fibres 
of the lower pharyngeal walls, the food is driven down- 
ward by the contraction of the muscular fibres behind it, 
those in front being comparatively loose, the muscular 
contraction forming a sort of ring or constriction running 
down the tube, and driving the food before it until it is 
foj'ced into the stomach. 

311. The whole act of swallowing, after the food has 
passed into the pliarynx, is an entirely involuntary or 
reflex action. This is proved by the fact, often discovered 
accidentally, that when a cherry, or a nut, or a similar 
►object, reaches the back jmrt of the mouth, so as to be 
just entering the pharynx, we " feel it go," but cannot 
stop it, however much we may try. SmM objects, as 
pills, are more difficult to swallow than larger ones, 
because of their smallness making it more difficult for 
the upper pharyngeal walls to lay hold of them. For 
this reason it is easier to swallow a very large than a 
sm^ill pilL 

312. Drinking essentially resembles the swallowing of 
solid food. In both cases the substances are forced 
down the oesophagus into the stomach ; but the process by 
which fluid reaches the pliarynx is very different to that 
by which a solid is conveyed to it. The fluid in this 
case reaches the oesophagus by suction — that is, by the 
pressure of the atmosphere. 

313. The Stomach or principal organ of digestion is a 
largo (when distended), bent, conical, or "bag-pipe" 
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sliaped bag, poacli, or expansion of the alimentary canal, 
capable of containmg three to five pints of liquid. When 
moderately fiiU, it is about 12 indies long, and about 4 
inches in its larger diameter. 
Ita left extremity, the convexity of which lies against 
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the concave aide of the ^>leen, is termed the grealer or 
splenic end : it contains the cardiac pouch, or dilatation; 
also termed the greater eui-de-gac or fwad'm of the 
stomach. Its right extremity, which is much smaller 
than the left, terminates at the pylorus, where it joins 
the duodenum or first portion of the small inteatiaes. 

311. The stomach has two orifices, the tesop/iageal or 
cardiac orifice on the top, so called because it is on the sauM 
side of the body as the heart ; and the right pyloric orifiet, 
by which it opens into the intestines. The muscular 
fibre around llie latter is thickened aa4 so arraDged aa to 
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form a kind of sphincter muscle^ tenued the pylorua m 
pyhric valve. 

The loaUs of the Btomach consist of fonr coats, the 
inner or mucous coat of wliich is very complex, being 
abuudantly aupjilied with minute follicles, the gastrie 
/ollielei or lubulL 

315. Immediately food is passed into the etoniach, it 
begins to eontraet, and roll the food about by its perijitaltU 
action, while simultaneously the gastric juice is poured 
out of the numerous follicles in its walls, and thus be- 
comes thoroughly mixed with it. These movements 
were actually observed by Dr. Beaumont in the stomach 
of a patient who had suffered from a gun shot wound. 

The stomach lies traTtaveraely across the upper part of 
the front of the cavity of the abdomen (see fig. 2), its 




Vertical Section ot Coata uE atomach- 

left lying under the ribs and diaphragm, and in contact 
with the spleen; its right end underlies the liver. 

316. The Coats of the Stomach. — The stomach is 
uaoally described as consisting of four c< 
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1. An ouierfibroiu cost, fhe aeroiu coat. 

2. A muscular coat consisting of longitudinal, truiSTemt *^^ 
obliqtie smooth (uDBtriated] muscular tibre, hj which the per- 
(talUc movement is carried on. 

3. A ntfrmucous coat oTtooie connective tissae, forming a matrix, 
in which the blood-Tassels and nerres break up and ramify before 
reaching the mucous coat. 

4. A mueou* coat, consisting of ai&yeTotbatemtnl membrane, 
covered by an inner layer of epii/wiial cells. Its surface is covered 
with minute ihaHaw pits or alveoli. The bottoms of these shallow 
pita are studded with the months of the gaitric/oUidei which dip 
into this ineDibrane. This membrane is abnndantly supplied 
with nerres and blood-vessels; its surface is greater than that 
of ita other coats : it thei-efors collecta in rvgae (folds) when the 
stomach is empty, as shown in fig, 69. 

817. The Oaetric Follicles or Tnbnli consiat of minute 
sulMsylmdricai tubes or folliciea, dipping into tho sub- 
e of the mucous membrane. These follicles consist 




^ig. 60. Showing tbe Strncture of the Gastric Follicles. 
of a tube wall of fine structureless baaemenl membrane, 
lined on the interior with glandidar and columnar epi- 
thelium, the former occupying the lower ends of tha 
follicles, the latter tJie URper thicd of their len^ — that 
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iBy the portion ne&r their months: The deeper or eiaged 
ends of these follicles often divide into two or more 
Anger-^aped branches or ponches. Each follicle is sur- 
ronnded by a net-work of capillaries. (See Fig. 60.) 

318. The Gastric Jmce is the dear, colourless, or pale 
straw coloured, slightly acid liquid secreted by the 
mucous membrane of the stomach and its follicles. It 
readily mixes with water, has powerful anHseptic pro- 
perties, coagulates albumen, and at 90° to 100^ Fahr. is 
a good solvent of proteid or albuminoid substances, con- 
verting them into a liquid termed peptone. It not only 
does not appear to act on /ats and starches, but arrest^ 
the action of other juices upon them. 

Its sclvent power over the proteids appears to depend 
upon the presence of a peculiar principle termed pepsin. 
It also contains hydrochloric or lactic acid. The following 
table shows its approximate composition : — 

( Water, about . . 99-2 

GartricJmce, g«^^filJ^,;^i, * I 

( Salts, about ... -2 

319. Chymification, or Gastric Digestion, is the process 
by which the food is converted into chyme, by the action 
of the saliva and goMric juice. 

320. The Chyme is the slightly add gruel or pea-soup 
like more or less viscid product of gastric digestion ; it 
varies considerably in appearance and consistence with 
the nature of the diet. It consists of a heterogeneous 
mixture of various substances, comprising chiefly the 
indigestible portions of the food, the am/yloids (starchy 
substances), not yet converted into sugar, and the sugar 
and peptone not yet absorbed] also, more or less saliva 
and gastric juice, 

321. Artificial Digestion. — Crastric digestion may be 
seadily imitated a/rtifidaUy by preparing artificial gastric 
juice, by immersing small portions of the mucous mem« 
brane of the stomach of a pig in water^ at lOO'' Fahr., 
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coiitainiiig hydro-chloric acid. Prepare three bottles in 
the manner described, then proceed as follows : — 

Experiment I. — Into the first bottle, containing the peptic 
glands in the mncons membrane, which is immersed in dilute 
hydrochloric acid — ^the whole being allowed to cool — place a small 
piece of meat or boiled white of egg — not minced. Keep the 
mixture stiU. 

Experiment XL — Into the second bottle, similarly prepared, 
place meat or white of egg — minced. Keep the bottle stdt, but 
lietU to abont 100° Fahr., about the temperature of the stomach. 

Experiment JII. — Prepare the third bottle as in Experiment 
XL, but keep it continually agitated as wellfas warm (100** Fahr.) 
The agitation is equivalent to the peristdUic movement of the 
stomach. 

Examine in the course of about two hours. The 
meat and egg of the third bottle will have nearly disap- 
peared. This illustrates natural healthy digestion, in 
which mastication, warmth, and vigorous peristaltic 
movement all combine to promote digestion. The meat 
and Qgg of the second bottle will only very partially 
have been dissolved. This shows the importance of the 
peristaltic movement in promoting digestion. The 
first— thQ cold bottle containing wnminced meat— will 
probably show little or no signs of change. This shows 
the great importance of thorough mastication, and the 
disadvantage of cooling the stomach by cold drinks or 
otherwise during gastric digestion. 

322. The Pylorus (from Gr. pde, gate; (mros, guar- 
dian), or pyloric valve, is a sort of sphincter, or ring- 
shaped muscle, formed by the reduplication of mucous 
and musciUar membranes of the stomach. It encircles and 
regulates the size of the pyloric aperture, only allowing, 
until the stomach becomes exhausted from over-work, 
the ^ner portions of the chyme to strain through into the 
duodenum. (See figs. 53 and 57). 

323. Large and Small Intestines. — ^The small intes- 
tines, consisting of the dicodenum, jejunumi, and ileum, Qxe 
coHedup in the abdomen, being enclosed in the mesentery, 
and attached by it to the spine. They form a tube about 
20 feet long. The surface of their interior lining of 
mucous membrane is increased by the valvulce conrdventes, 
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vhich consiHt of small transverse circular folds of mueoui 
membrane, -which promote absorption by the gentle 
resistance they offer to the passage of the food. 

The large intestines commence at the end of the Ueum, 
and terminate at the recfiMw. Their exterior Burface, 




Fig, CI. Large and Small Intdtinca 

czceptiDg that of the rectum, differs from that of tlio 
email intestines in being ' ' puckered up." This puckered 
appearance is due to three ^f bands of muscular fibres 
which run along their exterior, and which, being sltorter 
than the tube to which they are attached, produce the 
pockeriug referred to. They are about tax feet long, and 
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consist of the ccecum, the colon (ascending, transverse, 
descending, and sigmoid flexure), and the rectum. 

The mucous membrane lining the interior of both the 
large and the small intestines is more or less covered 
with villi, Peyer*8 glands, and lAeberkuhvJs follicles. 

324. Intestinal Digestion. — Chylification. — The cliyme, 
having passed into the small intestines, receives and 
mixes with the hUe and the pancreatic juice, by which the 
fatty parts of the food are reduced to the form of a sort 
of emulsion, termed chyle, which is absorbed by the 
lympliatics of the intestines (the lacteah). The conversion 
of the starch into sugar, and its absorption, as also that 
of the remaining peptone by the veins, are likewise com- 
pleted in the intestine. The indigestible parts of the 
food are pushed along, losing more and more of the 
nutritious matter, the peptone, fats, and sugar mixed 
with it, until, after passing through the ccecum, they 
become more or less acid, acquire the peculiar offensive 
faecal odour, and ultimately passing through the rectum, 
where they collect until they are expelled as faeces. (See 
fig. 53.) 

325. The Duodenum (from Lat. duodeni, twelve), or 
first portion of the small intestines, was so called because 
it is about 10 or 12 finger breadths in length, and extends 
from the pylorus to the jejunum. It forms a horse-shoe 
curve, the conveoc^ity being to the right, and the concavity, 
which receives the head of the pancreas, to the left. Its 
inner or mucous surface is studded with Brnnner*s glands, 
LieberkUhn's follicles, and villi. It is also abundantly 
furnished with valvules conniventes. It is here that the 
bile and pancreatic juices mix with the chyme, and that 
the chyle begins to form. (See fig. 61.) 

326. The Jejunum (from Lat. jejunus, empty) is the 
second portion of the small intestines. It owes its name to 
the fact that it is usually found empty in the dead body. 
It extends from the duodenum to the ileum,. It differs 
but slightly from the duodenum in general character and 
structure. Its walls contain Peyer's glands, Lieber- 
kiihn's follicles, villi, &o, (See fig. 61.) 
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327. The Hemn (from Gr. eileo, I twist) forms the hist 
and narrowest portion of the small intestines. It owes 
its name to its numerous coils or convolutions. It opens 
into the ccecumy or first portion of the large intestine, bj 
means of the ileo-ccBcal or ileo-colie valve. (See fig. 61.) 

328. The Peritonemn is the serous membrane which 
lines the walls of the cavity of the abdomen, and is then 
reflected over the stomach and intestines, liver, and other 
organs, so as to form, more or less complete, external 
coverings in addition to their own coats. 

329. The Mesentery is that portion of the peritoneum 
which completely surrounds the external wall of the 
small intestines, and, collecting them into folds or con- 
volutionSf attaches them to the spinal column. The 
lacteals and mesenteric glands are contained between 
the two inner surfaces of the mesentery, just as knotted 
threads would lie between two leaves in a book. 

330. The Gsecmn (Lat. cascus, blind) is the large blind 
cid de sac, or pouch, which forms the commencement of 
the large intestine. It is about three inches long. It is 
here the undigested food begins to acquire its fsecal 
odour. (See fig. 61.) 

From the centre of its lower extremity proceeds a narrow tnba- 
lar appendage, about the thickness of a goose quill, and three to six 
inches long, termed the vermiform appendix, 

331. The Colon (from Gr. koUoSy hollow) commences 
at the ccBcumy on the right side of the lower part of the 
abdomen; it passes upwards, forming the ascending 
colon, until it reaches the liver, when it crosses horizon- 
tally to the left side, forming the Pransverse colon ; after 
this it descends on the left, forming the descending 
colon, and making, during a portion of its downward 
passage, a letter S bend — which is therefore termed the 
sigmoid flexure. The food during digestion has to 
ascend a portion of the colon against gravity; tight 
stays impedes this movement, and therefore hinders 
digestion. (See fig. 61.) 

332. The Bectnm, or straight gut, is the terminal 
portion of the intestines, in which the undigested food 
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collects before it leaves the system. It commences &t 
the ligTooid Jlexure of the colon ; its termination is 
guarded by a sphincter muscle. It is smooth, and not 
wiccu^t^likeUiereat of the large ictestines. (Seefig. 61.) 
333. The Intestinal Villi (from Lat. viflwa, hair-nap) con- 
sist of minute thread-like processes or projections of the 
mucout membrane of the small intestines. Each process 
or mtlVfS consists of a central lacteal vessel, surrounded by 




rig. G2. Shoning Structure of Two Intestinal ViUL 
&eapillary nel-toorli, ajad supported hy granularia&tter, 
the Twhole being invested with a covering of basement 
memhraM and ejctemal layer of columnar epithelium. 
(See fig. 62.) 



CHAPTER XL 

FOOD AHS NUTKITIOIf. 



S31. Food or aliment may be defined as Consisting of 
those external mUritimis substances, -which are passed 
into the <dimenta/ry canal for the purpose of being 
digeated, and restoring the httee of the systenL 
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335. Classification of Food. — Food is someiiiiies classi- 
fied under ttoo heads : — 

(1.) Heal-forming, fael, or respiratory food, which does contain 
carbon and hydrogen, which serve as sources of heat, bat which 
does not contain nitrogen^ and, therefore, which cannot completely 
restore the lost or waied tissues. 

(2. ) Flesh-forming, plastic, albuminoid, proteid, or niirogenous 
£M>d, which {loes contain nitrogen, in addition to carbon, hydrogen, 
and oxygen, and is therefore capable of completely restoring the lost 
tissnes. 

This cUisaiJication is probably erroneous and misleading, 
since, in sdl probability, the so-called heaJt-fomdng foods 
contribute to the repair and nvi,rition of the tissues, and 
the fleslirforming or nitrogeruyus to the maintenance of 
the animal heat. 

336. Food Staffs may be divided into /our classes, as 
shown in the following Table. For a description of the 
respective substances contained in the Table, see sections 
given: — 



( Inorganic 
or 
Mineral 



oa 



1^ 



Vital or 
Organic 



Salts. 
Water. 



Amyloids, 



Fats, 



Proteida, 



f Starch, 
Dextrine, 
Gnm, 
Sagar, 



Albnmen, 

Fibrin, 

Sj^ntonin, 

Casein, 

GluteD, 

Chondrin, 

Gelatin, 



Contain Carbon, 
Hydrogen, and 
Oxy^n. (See 
Sections 116 to 
191.) 

(Section 120.) 

Contain Carbon, 
Hydrogen, Oxy- 
gen, and Nitro- 
gen, (See Sec- 
tions 105 to 
114.) 



337. The Digestibility of a substance, or the /acUity or 
rapidity with which it can be digested, has no relation 
to its nutritiousness or usefulness as a tissue-former. 
Many of the most nutritious substances, as cheese, 
beans, peas, &c., are exceedingly indigestible; whereas 
boiled rice and some other substances^ which are digested 
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with great rapidity, are almost useless as tissue-formers. 
Cooking promotes the digestibility of vegetable food 
chiefly by breaking down the cell-walls, consisting chiefly 
of indigestible cdhdose, and thus exposing, as in the 
boiling of a potato, the cell-contents to the action of the 
digestive fluids. Raw meat is comparatively indiges- 
tible, because of the sarcolemma, the fascia and cdl-ioalls 
of indigestible connective tissue, which enclose and pro- 
tect the muscular and fatty substances of which flesh 
meat is composed. When cooked, these indigestible in- 
soluble protecting sJieaths become converted into jelly 
and dissolved, and the nutriment they enclose exposed 
to the solvent action of the gastric and other juices. 
Cooking, also, makes the food more savoury and agree- 
able to the palate. 

The following Table, from Dr. Andrew Combe's Phyaiology of 
Digestion, shows the relative digestibility of different kinds of food, 
as observed by Dr. Beaumont in the stomach of a patient in 
whom a gun-shot wound so healed up as to leave a sort of external 
door or nap in his abdomen, through which Dr Beaumont could 
look into and see what was going on in his stomach : — 



Table Showing Digestibility op Different Kinds op Food. 


h. m. 
Rice, boiled, 1 
Tripe, ..10 
Eggs, raw, . 1 30 
Apples, raw, 

but ripe, . 1 30 
Tapioca, . 2 

1 


h. m. 
Milk, raw, . 2 
Potatoes,bake. 2 30 
Apple Dump- 

linjr, . . 2 30 
Beef-steak,bd. 3 
Mutton, boil., 3 


iLm. 
Oysters, raw, 3 
Bread, . . 3 30 
Beef, salt, . 4 15 
Duck, roasted, 4 30 
Pork, „ 6 15 



338. Relation of Food to Daily Loss.— About 7,200 
grains of chemically dry solid matter are daily lost 
through the lungs, skin, and kidneys of an average active 
healthy man; or, in other words, are consumM in the 
development of the vital and mechanical forces of the 
body; about 800 grains per day of indigested or useless 
chemically dry solid matter will pass off" by the rectum. 
The whole of the suhstange thus Iqs( must te restored 
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to the body, in tlie first instance, in the Iform oi foody 
which must contain the actual chemical elements lost in. 
sufficient quantity^ to replace each element in the re- 
quisite proportions. Of the 7,200 grains of solid matter 
daily lost, say 4,000 or iipwards consist of carbon, and 
300 of nitrogen. 

339. Economical Admixture of Food. — To obtain the 
requisite 4,000 grains of carbon per day from dry pro- 
teids, a man would be compelled to eat about 7,500 
grains; but this would give him nearly 1,200 grains of 
nitrogen, or nearly /oiw times the quantity of nitrogen 
he would require. That is, if ]ie lived on fatless meat, 
he would require 5 to 6 lbs per day to give him the 
necessary carbon; whereas he might get the necessary 
carbon and nitrogen from 4 to 5 fis of bread, or from a 
mixed diet, consisting of 2 Bis of bread and f 5) of meat. 
He might also get the same from about 1 lb oi fatless 
meat, and ^ ib of fat, or 1 fi) of sugar. If he attempted to 
get the necessary quantity of nitrogen from a purely 
potato diet — a comparatively innutritious diet — he would 
probably be compelled, in order to get the necessary nitro- 
gen, to eat 10 Sbs to 12 lbs or upwards per day. On the 
other hand, if he tried to live on a highly nutritious and 
exclusively proteid diet, he might die of starvation in 
consequence of the great loss of vital power he would 
sustain in the digestive attempts to get the necessary 
carbon under these unfavourable conditions. In fact, 
in all probability, after a time, his vital powers would 
give way in his attempt to obtain the materials neces- 
sary for subsistence. 

340. Nutrition (from Lat. nutrio, I nourish) is the 
process by which the tissues of the living body are 
repaired, built up, or their loss of substance restored out 
of material supplied them by the liquor sanguinis or 
blood-plasma. The chief agents of nutrition are the 
capillaries. 

Exercise, mental and physical, promotes nutnHan by increasing 
the circulation in, and consequent supply of, nutritive material to 
the tissiieB of the organs exercised. Physical (muscular) ex^rpi^^ 
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promotes the circulation by alternately compressing and relaxing 
the veins and arteries by which the blood is driven (especially 
through the smaller vessels and capillaries, in which friction must 
be very great), with increased velocity, (See Vaso-motor Nerves, ) 



CHAPTER XII. 

THE LYMPHATICS, LACTEALS, AND THORACIC DUCT. 

341. The Lymphatic or Absorbent System consists of 
the thoracie ducty right lymphatic duct, receptaculum 
chyli, the lymphatic vessels, the lacteals, and the ly^m- 
phatic and mesenteric glands (see fig. 63), which shows 
the most important of these organs as they appear 
injected with mercury. 

342. The Thoracic Duct is the terminal and largest or 
main trunk of the lymphatic system. It is about 18 or 
20 inches long, and about the diameter of a moderate 
sized goose-quilL Commencing in the abdomen, some- 
where opposite the second lumbar vertebra, it passes 
through the diaphragm by the aortic opening, ascending 
near the vertebral column to the neck ; it then curves 
downward, and joins the subclavian vein at the angle 
formed by its junction with the jugular vein. Its 
structure is very similar to that of the veins, and it is 
numerously supplied with valves (see fig. 63). The nght 
It/mphatic duct is small and unimportant; it contains 
no chyle. 

343. The Beceptaculnm Chyli, or cistern of Piquet, 
is the large triangular dilatation in which the thoracic 
duct commences. 

344. The Lacteals are the lympJiatic vessels of the 
intestines. They are so called because of their milky 
appearance, when filled with diyle, tvoo or three hours 
after a meal. The primary lacteals commence in the 
middle of the vUli of the intestines, where they form 
microscopic club-like tubes, or minute microscopic 
plexuses. (See fig. 63.) 
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Wlien they pass out of the basis of the villi, 
tliej unite in the tvhmueous tissue beneath, to form 
larger nnd larger vfsseU, which anastumuse and ramilV 




rig. 63. 



with each other like the veins and arteries ; their walla 
also have a similar structure to those of the blood- 
vessels ; but they have a knotted or beaded appearance, 
because of their greater number of vtjves. 
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345. The Lymphatics are the vessels "which ahaorh and 
elaborate the lymph, and convey it to the thoracic duct. 
!For a long time the smaller lymphatics escaped detec- 
tion, because of the transpa/rency of their walls and of 
the contained lymph. There are two sets of lymphatics 
— ^the deep and the superficial. They are distributed to 
all parts of the body, except the brain, the spinal cord, 
and the interior of the eye. (See fig. 63.) 

346. The Lymphatic Glands are small, solid, rounded 
or oval, pinkish, glandular bodies, which lie in the course 
of the lymphatics, and through which they pass on their 
way to the thoracic drict (see fig. 63.) They vary in size 
from that of a hemp-seed to that of an almond. The 
lymphatic vessel which passes to the gland is termed the 
afferent vessel j that which leaves it, the efferent vessel. 
The chief lymphatic glands in the body are — ^the cervical 
(neck), the aaiUaryi (arm-pit), the lumbar (loins), the 
inguinal (groin), mesenteric and the femoral lymphatics 
(inside the thigh). The lymph in the efferent vessels 
contains a greater number of lymph corpuscles than that 
in the afferent lymphatic vessels. 

347. The Mesenteric Glands are the lymphatic glands 
of the ^c^ea/!^, so called because they are contained within 
the folds of the mAsemJtery: they assist in elaborating 
the chyle. 

348. The Lymph is the transparent, colourless, coagu- 
lable liquid contained in the lymphatics. It is supposed 
to consist of those portions of the liquor sanguinis which, 
having exuded through the walls of the capillaries, and 
bathed the tissues for the purpose of their mUrition, has 
not been appropria>ted by them and has therefore been 
absorbed by the lymphatics, to be restored by them and 
r&'mioced with the blood. It resembles diluted liquor 
sanguinis, but contains a few colourless corpuscles re- 
sembling those of the blood. 

Lymph difiers from blood in containing more water, 
fewer white, and no red corpuscles. 

349. The Chyle (from Gr. chulos, juice) is the milky- 
white, coagulable, more or less fatty and alkaline liquid 

14* L 
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which is formed in the intestines after the mixture of 
the bile and pancreatic juice with the chyme. It contains 
minute colourless corpuscles and oil globule& It is chiefly 
absorbed by the lacteals during the passage of the food 
through the intestinee, and conveyed by them through 
the mesenteric glands, where it becomes more or less 
organized by the development of chyle corpusdea (which 
resemble, thousjh smaller, the colourless corpuscles of the 
blood) to the thoracic duct^ by which it is poured into 
the left subdaman vein^ and thus mixed with 'the blood. 

The fatty portions of the food find their way into 
the blood as chyle. 



CHAPTER XIIL 

SECRETION AND EXCRETION — STRUCTURE OP GLANDS. 

350. Secretion is the process by which solids or liquids, 
differing from the constituents of the blood, and neces- 
sary for the proper performance of the functions of the 
body, are elaborated or separated from it by means of 
glands or other organs, as in the secretion of the saliva^ 
and the gast/ric and pancreatic juices. 

The term secretion is also frequently applied to desig- 
nate the substance secreted. 

Several of the glands rank in size and importance 
among the chief organs of the body. Glands are of two 
kinds — secretory, as the salivary glands and the pancreas; 
and excretory, as the liver, the kidneys, and the sudori' 
parous glands of the skin. 

351. Excretion is the process by which waste, useless 
and injurious matter, is separated from the blood and 
thrown out of the body by the excretory gUmds. 

352. A Gland is an organ whose function is that of 
secretion or excretion, or both combined, and which con- 
tains ducts or vessels for the escape of matt^ elaborated 
or excreted by the gland. Secreting organs which do 
not contain ducts are not termed glands, as the maoouB 
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and BflroTU membranes. The principal glands of the body 
are the liver, the kidneys, the pancreas, the mammarj, 
and tbe lachryma] glands. Other less important glands 
are the sudoriparoua glands, the sebaceous, the cerumin- 
oua, tbe Meibomian glands, and the glands of Bnumer, 
Peyer, and Lieberkiihn. 

353. plan of Strnctnre of Glaiids.— The pJim of struo- 
ture, even of the most complicated and elaborate glands, 
is exceedingly simple, and should be thoroughly under- 
Btood by the student before he enters on tne study of 
the speaal glands. 




EretT gl&nd, besides the fibrons matrix of connective 
'^jwoe by which its vuloua paxts are bound together, 
3)ntains two distinct ix ipecjfie structures, viz. : — 

1. AvoseuZar structure, consisting ofalayer or network 
of capillary blood-TesaelB,by which blood fiir th9 aecretioD 
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of the required substance is abundantly distributed 
through the minuter structures of the gland. 

2. A secreting structure, consisting of — 

(a) An inner layer of exceedingly thin, structureless, 
basement membrane, in contact with the capillary layer. 

(6) An outer layer of epithelial cells, which vary in 
size and thickness in different glands, and even in dif- 
ferent parts of the same gland. 

354. It is this latter layer of epithelial cells by which 
the work of the gland is performed. They possess a 
peculiar selective power, not yet explained, by which they 
are enabled to abstract from the blood the materials they 
require, and convert or elaborate them into the substance 
whose formation or production is the specific duty of the 
gland into whose structure they enter. 

355. These two structures, vascular and epithelial, are 
everywhere intimately united, so as to form, as it were, 
one continuous membrane. This compound membrane 
or structure, variously packed or folded so as to get 
large surfaces within small bulk, and supplied with 
nerves and blood-vessels to convey fresh blood to and 
from the gland, and ducts for the removal of the sub- 
stance secreted, forms, with the connective tissue by 
which the various parts are bound together, and the 
membrane which surrounds the gland, the entire struc- 
ture of a typical gland. 

356. The general type of structure of a gland may be 
readily conceived and represented to a class of students, 
by taking a red pocket handkerchief, supposed to repre- 
sent the capillary network (principal vascular structure 
of the gland), and a white one to represent the secreting 
structure of basement membrane and epithelial cell- 
covering, and attaching them together, back to back, so 
as to make but one sheet. If this sheet be folded up 
into a small space, so that the interior of the bundle 
should contain a larger number of minute tvJyular cavities 
(the white handkerchief always being supposed to form 
the inside of these tubes), such an arrangement might 
well be supposed to illustrate a tubular gland. If the little 
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camttOB left in the interior were round or spheroidcU, it 
would; represent a saccula/r gland. 

357. For the purposes of description, glands may be 
classified, according to the arrangement of their aaccidea 
or their tuhtUes, into three groups or varieties : — 

(1.) The simple tvInUe or tubular gland ^ as the gastric 
and intestinal tubuli of the mucous membrane. (See 
fig. 64.) 

(2.) The aggregated glands, frequently termed conglo- 
mercUe or racemose glands, as the salivary glands, the 
pancreas, the lachrymal, and the mamm^ary glands. (See 
fig. 64.) 

(3.) The convoluted tubular glands, which consist of long 
and tortuous tubules, sometimes forming simple loops 
and sometimes terminating in flask-like dilations, as in 
the tvibvli urinif&ri of the kidneys. (See fig. 64). 

358. The secreting tubuli, follicles, &c., are everywhere 
closed where they are in contact with the capillaries 
supplying them with the blood from which they derive 

' materials of their secretion; but at their other extremities 
they open into the dv4sts, 

359. Glandular Epithelium consists of the nucleated 
epithelial cells which line the follicles, tubuli, sacculi, 
and other secreting surfaces of glands. It differs from 
the epithelium of other regions chiefly in being larger 
and rounder, or more globular, also in being more juicy. 
(See fig. 22). 

360. Glandular Ducts are the tubular passages or ves- 
sels, most frequently having a more or loss branched or 
arborescent structure, by which the secretions are col- 
lected fix)m the secreting tissue in the interior of the 
glands, and transmitted to the mouth of the gland or 
principal duct, there to be poured out as required. 

By this arrangement of ducts a large surface of secreting 
tissue is enabled to be packed away in very small space. 

361. The larger ducts, like the veins, consist of three 
coats or layers : — 

^ (1.) An outer or peripheral layer of connective and elastic tissne, 
giving toughness, elasticity, and resistance to the walls of the tube. 
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(2.) A thin middle layer of organic or nnstriped (involantaiy) 
muscular fibre, which probably assists, when necessary, in propel- 
ling the secretion out of the gland. 

(3. ) An internal layer of more or less modified mucous membrane^ 
comprising a layer of basement membrane and epithelial cells, 
more generally of the columnar variety. 

The walls of the larger ducts are supplied with 
nerves and blood-vessels. The minuter ducts frequently 
possess but one coat^ consisting of bdsement membrane 
and epithelial cells. 

362. Vital Selective Force. — This term has sometimes 
been employed to designate the peculiar power by which 
the glandular epithdicd cells select the specifi.c materials 
they require from the common pabulum, the blood. 
They possess this power in common with the tissues, 
the nutrition of which depends on its exercise. Of the 
real nature of this power we really know little or 
nothing : the use of this term, therefore, in this case, 
probably does little more than conceal our ignorance. 

363. Theory of the Process of Secretion. — The theory 
of the formation of the secretions in the glands proper, 

'most generally adopted, attributes it to the mUrition, 
growth, smd development of the glandular epithelium cells — 
thus regarding the whole process of secretion as a mere 
modification of that of nutrition. 

The gland cells or their nuclei are thus supposed to 
develop and supply the secreted matter as a part of their 
own substance. The following is the order of succession 
of the process of development in which this is supposed 
to take place : — 

(1.) The gland cells develop, grow, and attain maturity by appro- 
priating to themselves nutriment derived from the liquor sanguinis 
of the adjacent blood-vessels. 

(2.) They subsist for a veiy brief time in a state of maturity as 
perfect cells, containing nucleus, cell- wall, and cell-contents. 

(3.) The ceU-vjoUs after a time dissolve or burst, discharging and 
yielding up their cell-contents, which form the proper materm of 
the secretion. 

364. The Liver is the largest gland in the body; 
it is incessantly in action^ secreting bile and glycogsn^ 
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anil is therefore a amilant aoorce of gain and toss to the 
blood. (See %s. 2 and 69.) 

It is the large redduh-broum organ situated at the 
right Bide of the top of the abdomen, immediately iinder- 
aeath the right belt of the diaphragm, to the concavity 
of which it is attached, its left lobe overlying a portion 
of the stomach. 

The liver is usually described as being 3 to 5 lbs in 
■weight, and as secreting 3 to 6 Sia of bile per day. It is 
10 to 13 inches long, 6 to 7 inches broad, and about 3 
inches at its greatest thickness. 

365. Structnre of the Liver.— The liver contains five 
Jobes and ive_fie»itres, and is supported in its situation by 
five ligamente, chiefly folds in the periioneam. The two 
diief lobes are the right and left lobes, the former being 
tax. times as large as the latter. 

The liver is almost entirely enfolded by the pariloneunt, 
which forma its teroua coat; but besides this it has 




367. The Lobules are small, i 
bodies, about ^ to ^ of an inch 



Fig. G5. DiogTftm of LoMefl of Liver. 

ndiah or granular 
diameter, or about 
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the size of a pin's head or of a miUet aeed. They consist 
of masses or agglomerations of biliary or haiatie cells, 
-wMch are clustered about the minute branches of the 
portal veins, which form the interlobuiar veins. (See 
fig. 65 and 67.) 

368. The Biliary or Hepatic Cells are small, rounded 
or polygonal, yellowish, nucleated cells, varying &om the 
^^th to the Yinnr'^ °^ ^'^ iadh in diameter. These 
aUU, "which secrete the bUe, are massed together in the 
interstitial network formed by the smaller branches of the 
hepatic and portal veins, and capillaries and Itepatic ducts, 
— thus forming the lohtdea, which are further enclosed in 
very loose coverings of connective tissue. 

369. The Biliary Ducts are the minute ducts or 
tubules by which, the bile is collected from the cells, 
and ultimately conducted to the gall bladder or the intes- 
tines. Their mode of origin is still undetermined. Some 




ng; ea TranBTersB Section nf Twn LobuleR of the T.iv"r, 
ahoiring distribution of Biliuy Ducts and Biliary Cells. 

writers regard them as commencing in the interior of the 
lobules, others as being purely ini«r-lobular — that is, as 
commencing outside and between the lobules they en- 
tarcle. In any case, the small biliary ducts form an 
tMter-lobular jdexus, enclosing the lobules and coUeeling 
the bile secreted by them. The smaller biliary ducts 
ultimately unite to form the larger c^iUc, k^iic, aad 
common bile ducts. 
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370. The Cystic Duct, which is about an inch long, 
conveys the bile, secreted during the intervals when 
digestion is not proceeding, into the gall bladder, 

371. The Hepatic Dnct is formed by two trunks, which 
pass out of the right and lefb. lobes of the liver, and 
unite. 

372. The Common Bile Duct {ductus communis cJwledo- 
ckus), which is about the diameter of an ordinary goose 
quill, and about three inches long, is the largest of the 
bile ducts. It is formed by the junction of the cystic 
and hepatic ducts, and passes oUiqudy on its termination 
between the muscular and mu4:ous coats of the duodenum, 
entering that organ, with the comm^on opening of the 
pancreatic duct^ at about its middle. The perforated 
wails of the duodenum thus act as a valve, permitting or 
obstructing the flow of the bile as the duodenum is full 
or empty. When the duodenum is active, and its walls 
well charged with blood, they are pushed out, the canal 
becomes relieved, and the hile readily forces its way 
through the distended aperture ; but when it is empty 
and inactive, its walls collapse^ and the sides of the duct 
become folded together, and the passage thus stopped. 
These ducts consist of an external fibrous and an internal 
mucous coat. 

373. The Gall Bladder is the pear-shaped, conical, 
membranous bag, which is seated in a cavity under the 
right lobe of the liver. It is about 4 inches long, and 
1 inch in its greatest diameter, and holds 8 to 10 
drachms of bile. It consists of an outer serous, a middle 
muscular, and an inner mucoTis coat. Its function is to 
serve as a reservoir for the bile, during the intervals 
between digestion, when the aid of the bile is not 
required. (See figs. 58 and 61.) 

374. The Portal Vein, which carries and distributes to 
the liver the blood laden with the products of digestion 
absorbed through the walls of the veins of the stomach 
and intestines, is formed by the unio^ of the veins from 
the stomach, intestines, pancreas, and spleen. The 
portal vein passes into the liver through the transverse 
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or jxirttd fissure, and then aubdividing, after the mamur 
of an artery, sen^ out minute hranches, which, passing 
along the forUd canalg, ultimately encircle the lobules, 
thus becoming interlobular veins, and then give off 
minute capillaries, the portal capiUariet, which, passing 
into the Bubatance of the lobules — that is, between the 
walls of the biliary cells — supply them with the blood 
from which the Mle is 




Fig. G7. Transrene Section of Two Lobales of the TArat, aheniiag 
ninutH branchei of the Foital Veiw (Interbbolar), endicliiig £Ui- 
ary Lobuleo. 

375. The Hep&tic Veins are the veins by which the 
Ksed-up portal and arterial blood of the liver — that is, 
the blood supplied to the liver for the /orTnation of bile, 
and also that supplied to nourish and viv^j/ the liver 
itself — is collected and poured into the vena cava. The 
minute hepatic veins or capillaries commence in thecentres 
of the lobules, thus forming the infra-lobular vessels. 

376. The Hepatic Artery is one of the branches of the 
ecdiac axis. It supplies the blood which nourishes the 
membranes, the coats ef the large vessels, and the ducts 
of the liver. 

377. The Bile is a yellow, or greenish-yellow, viscid. 
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extremely bitter, slightly odorous and slightly (dkalvM 
fluid. It is a little heavier than water, its sp. gr. being 
about 1020. Its Q\i\Gi function is apparently to aid the 
digestion of /oWy matters, hj neutralizing the add of the 
gastric juice and converting the fat into an emulsion. 

The hile consists of water, mucus, and from 10 to 17 
per cent, of sdid matter. 

The solid matter consists chiefly of hUin; but it also 
contains fat, cholesteriney and salts. 

The hilin is a resinous substance, composed oi glycocJiolic 
and taurocholic acids, in combination with soda. 

The hUe consists of carbon, hydrogen, oxygen, nitrogen, 
and sulphur ; the carbon and hydrogen being in great 
excess, as compared with that of the blood ; the nitrogen 
of the bile being, on# the contrary, greatly deficient, as 
compared with that of the blood. 

The secretion of the bile may thus be regarded as an 
excrementitious process in relation to the elements carbon 
and hydrogen; also as a digestive process in relation to 
fatty substances. 

378. Glycogen (Gr. glukus, sweet ; genruw, I produce) 
is a peculiar whitish, tasteless, soluble amyloid substance, 
possessing properties intermediate to those of hydrated 
sta/rdh and dextrin, which is formed in the liver. It is 
distinguished by its strong tendency to change into 
sugar in the presence of any animal ferment. This sub- 
stance may be readily detected in the blood of the 
hepatic vein, and in the a^scending vena cava, just before it 
enters the heart ; but it cannot be detected in blood 
which has passed through the lungs. Evidently, there- 
fore, it has disappeared by combustion or oxidation, 
— thus playing the part of respiratory fuel, or heat food 

379. Proof of the Glycogenic Function of the Liver. — 
If blood be drawn from the hepatic artery or the portal 
vein — that is, before or as it enters the liver — no glycogen 
can be detected in it. But if blood be drawn from the 
hepatic veins — that is, as it leaves the liver — glycogen may 
be detected in abundance; thus proving its formation 
in the liver itself. Further, if the liver be repeatedly 
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washed out by the frequent injection of water into its 
vessels until all traces of glycogen disappear, after allow- 
ing the liver to remain at rest for some time, glycogen 
will again manifest itself in its substances. 

380. Glucose, or liver sugar, is the saccharine sub- 
stance formed by the action of animal ferments on the 
glycogen. It disappears from the blood after it has passed 
through the lungs. 

381. The Nerves of the Liver consist of branches of 
the sympathetic, the pneumogastric, and the right phrenic 
nerves. 

382. The Pancreas, or sweetbread, is the long, sofb, 
hammer or tongue-shaped, milky-white gland which lies 
under the back of the stomach, extending from the 
spleen to the duodenum (see fig. 69). Its tail, or smaller 
end, is in contact with the spleen ; its larger end, or 
Jiead, lies in the bend or concavity of the duodenum. It 
is six to seven inches long, and weighs three to five 
ounces, and probably secretes about half a pint of parir 
creatic juice per day. 

In its minute structure, it closely resembles the 
salivary glands, being a racemose gland, and consisting 
of acini, lobules, and lobes, separated by septa of con- 
nective tissue. 

The pancreas has been termed the abdominal salivary 
gland. 

383. The Main Pancreatic Duct commences at the 
tail, and, passing the entire length of the gland, receiving 
numerous smaller tributary ducts, emerges about the 
size of a crow-quill from the head of the gland, and 
enters the duodenum along with the common hUe dtict. 
It enters the walls of the duodenum very slantingly; so 
that any pressure in the duodenum closes the duct by 
pressing its walls together, and thus prevents any sub- 
stance from passing backward from the duodenum into it. 

384. The Pancreatic Juice is a colourless, nearly 
tasteless, slightly viscid, alkaline fluid, in general 
appearance and properties very similar to the saliva. 
It acts powerfully on starchy substances, and aids the 
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digestion of the /ale, and is now supposed to act on tho 
proUidt, coDverting them into jieptonea. 

385. The Salivary Glands. — The minute stnicture of 
the salivary glands consists of minute roundish or oval 
Boca or vesicles (acini), about j-Jg^ of an inch in diameter, 
clustered into grapo-like bunches or lobules (see fig. C^). 
These rounded microscopic sacs, which consist of an 
oiiter wall of fine basement membrane, lined on its 




Fig. CS. Shawmg Minute Structure of Salivary (Parotid) Glanoa. 
interior by a layer of epithelial cells, open out into 
minute ducts, which unite together to form larger ones— 
the salivary ducts — by which the saUva is discharged 
into the mouth (see 303). The grape-like vesicles 
are surrounded by a network of minute capillaries. 
The lobules, held together by the ducts, blood-vessels, 
and matrix of connective tissue, form numerous lobes, 
each end of which is more or less enclosed by its own 
membrane. They are termed racemose glands (from 
Lat racemvs, a bunch of grapes). (See section 357.) 



174 
CHAPTER XIY. 

EXCRETION — THE SKIN. 

886. The SMn, or outer integument (Lat. tego, I cover) 
of the body, is the somewhat complex organ, both in 
structure and function, which invests and surrounds the 
exterior of the body. It, with some modification of 
structure, passes as mucous membrane by the mouth 
into, and lines the interior of the (dimemlwry ccmcd which 
passes through the trunk. 

387. Functions of the Skin.— The chief functions of 
the skin are the following : — 

(1.) It regulates the temperature of the body, or the animal 
heat, 

(2.) It protects from air, dirt, and injury, and bmds together 
the superficial organs of the body. 

(3.) It is an organ of excretion and absorption. 

(4.) It is an organ of sensation or touch, 

(5.) It is an organ of respiration, it absorbs ooeyfjen, and evolves 
carbonic acid. (This perhaps is properly included under 3. ) 

388. Structure of the SMn. — The skin consists essen- 
tially of two distinct layers or formations, viz. : — (1) the 
cuticle; and (2) the cutis. 

389. (1.) The Cuticle is the outer norirvascuhr layer of 
epithelial cells which lines and protects the cutis. It 
is variously called the cortical layer of the skin, the epi- 
dermis or the sca/r/skin. The irmer or lowermost layer 
of the epithelial cells, of which it is composed, is 
moulded on to the true skin or dermis. The cells of 
this, the softer and lowermost layer, are more round 
and moist than those of the outer layer; and, in the 
case of the negro and other coloured races, contain dark 
pigment or colouring matter. This layer is sometimea 
called the miusous layer of the cutide, or tho ret$ 
mnicosmn. 

The cuticle is the layer of the skin which is raised up 
from the lower one by the collection of clear fluid, when 
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ft blister is fonned. It is quite devoid ot aenBibUity 
▼hen pricked. 

390. (2.) The Cntis, variooBly termed the dermis, 
earium, cuiis vera or traa «tin, forms the more important 






and complex lower 




Vertioal Section of SUn. 

: imder layer of the skin, 



Itjcon- 
matrix of cotmeotive 



(a) A fibrous network 
tiBsue. 

(6) A network of blood-vessels (capillariea) ramifying 
in the meshes of the former. 

(c) A network of nervous fibrils, also ramifying 
through the same. 

(d) JSudoriparoua and aAaoewa gland* and ducts, and 
Duase* of adipose tissue (fat oells^ enclosed within tiia 
fibrooB matrix. 

Ttie Jibroitt matrix, when tanned, totuu leather, and 
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when boiled, yields gelatine (jelly). The closeness of the 
nervous fibrils and of the capillary blood-vessels is shown 
by the fact, that nowhere in the substance of the true 
skin can the point of a needle be inserted without 
causing bleeding and pain. 

391. Sudoriparous Glands (Lat. siido, I sweat). — The 
sweat, perspiration, or sudoriparous glands which concrete 
the perspiration, consist of minute coUed tvhvlea, formed 
of basement membraney lined with epithelial cells. (See 
fig. 69.) 

The inner or lower terminations of these tubtUes are 
coiled into minute globular masses ; the remaining por- 
tions of these tubules pass to the surface of the skin — at 
first forming straight, and then, as they enter the 
epidermis, spiral or cork-screw shaped tubvlea the 
mouths of which constitute the pores of the skin. Dr. 
Erasmus "Wilson estimated the number of pores on the 
surface of the body to amount to 7,000,000, and the 
length of tubing they contain to be about 28 miles. This 
estimate is, however, probably greatly exaggerated. 
Krause estimates their number at about 2,500,000. 

These glands eoccrete the perspiraiixm, which usually 
passes off as invisible vapour, carrying off the excess of 
heat in the form of what is termed laient Jieat, and thus 
regulating the temperature of the blood. Thus a live 
ox might remain in a hot oven comparatively unharmed, 
while a dead one would be roasted. The natural tem- 
perature of the blood is 98° Fahr. The temperature 
never rises more than one or two degrees above this, 
except in the case of fever. When the temperature of 
the blood rises seven or eight degrees above this point, 
life is endangered ; and if it continue long at this high 
temperature, it will necessarily prove fatal. 

392. The Cutaneous Perspiration, or the sweat, con- 
sists, when condensed, of a colourless, transparent, 
slightly acid liquid, having a peculiar and characteristic 
odour. It contains carbonic acid, urea, and lactic acid, 
also traces of formic, acetic, and butyric acids. It also 
usually contains small quantities of sebaceous matter 
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find of epithelial cells, whicli render it more or less 
turbid. It is constantly given off from the skin in the 
form of invisible vapour, or, as it is termed, insensible 
perspiration. But when its escape is prevented, or 
when it is given off very rapidly — as during great exer- 
tion, during violent mental emotion, or when the body 
is heavily clothed — it collects in the skin in the form of 
a liquid, and is then termed sensible perspiration. 

393. The quantity of the perspiration excreted by the 
skin varies very greatly with the exertion, temperature, 
<fec. It is in general estimated that the quantity of 
carbonic add daily excreted by the skin amounts to from 
^ to ^ of that thrown off by the lungs; also, that the 
quantity of watery vapour daily eliminated by the skin 
amounts to tunce that thrown off by the lungs. 

Professor Huxley speaks of the relation of the skin to 
the blood, in this respect, as similar to that of a bladder 
full of hot fluid to its contents. 

Sequin, a French chemist, attempted to estimate the 
daily loss, through the medium of the skin, by envelop- 
ing himself bodily in an air-tight oiled- silk bag, which 
was acQusted to and gummed to his lips, so that the 
entire exhalation of the skin might be retained within 
the bag. He found, as the result of several careful 
experiments, that, during a state of rest, about eleven 
grains per minute were transpired by the skin. 

Valentine estimates the average cutaneous exhalation 
(including carbonic acid and aqueous vapour) at If lb. 
daily. 

Dr. Sutherland Smith ascertained by actual experi- 
ments, made at the Phoenix Gas Works, that a man 
working in an atmosphere of very high temperature lost 
upwards of 6 lbs. in seventy minutes. 

Professor Huxley gives the following as the average 
amount of the cutaneous excretions per diem : — ^Water, 
18 ounces, or 10,000 grains; solid matter, 300 grains; 
carbonic acid, 400 grains. 

The skin is intermediate in its function to that of the 
luTigs and the kidneys. It, like the lungs, respires — 
14* M 
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that is, absorbs oxygen and excretes carbonic acid ; but 
it also, like the kidneys, excretes urea. The skin is 
more active in /w?f, the kidneys in cold weather. When 
the kidneys, from disease or injury, are unable fully to 
perform their function, as in the disease termed ischuria, 
the skin to a great extent temporarily undertakes the 
duty of excreting the urea from the blood, the perspira- 
tion strongly acquiring the odour of the urine. 

394. The Urine consists of a watery solution, contain- 
ing in round numbers about 96 per cent, of water, \^ 2>er 
cent, of urea, \ per cent, of uric acid, along with mucus 
and colouring matter, and with salts of potash, soda, 
lime, kc. 

395. The Sebaceous Glands (Lat. sebum, suet) consist 
of minute sacculated hags or follicles of basement mem- 
brane, lined with epitlielium, and containing more or less 
of the fatty matter they secrete. They are most 
numerous about the Iiair follicles, which are usually 
supplied with a pair of glands, and in the substance of 
those parts of the skin which undergo much flexion. 
Their function is apparently to keep the skin soft 
and flexible. They are very active in the skin of the 
negro and of natives of hot climates. The peculiar 
odour of the skin of the negro is due to the activity of 
these glands. 

396. Absorption by the Skin. — ^The skin possesses the 
power of absorbing fluid and gaseous substances. Ship- 
wrecked sailors sometimes attempt, in the absence of 
fresh water, to relieve their thirst by bathing in the sea 
and by wetting their clothes with sea-water. 

397. The FapillsB of the Skin consist of little conical 
processes on the surface of the cutis or time skin, im- 
mediately below the epidermis. Their extremities are 
sometimes simple, sometimes divided (see fig. 69). 
They are most abundant on the fingers, the palms of 
the hands, and the soles of the feet. The central por- 
tion of each papilla contains a minute plexus of blood- 
vessels, comprising an arterial and verums loop, also a 
nerve Jibril, though the latter is occasionally absent 
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On many of the more sensitive parts of tbe skin, as tlio 
lips and the palm of the hands, the papilloa are supplied 
with touch eorpaades. (See fig, 70.) 

The papillte are about jj^ of an iudi long, and ^^ of 
an inch in diameter at the base. 

398. A Tactile Corpuscle is a minute, hai-d, oral- 
ebaped body, very similar to a Paen/nian corpuscle, 'which 
frequently occupies the central part of the papilla. The 
Pacinian eorptudet are attached to the nerve fibrils 
which pass up the centres of the papillce, and wind 
gpircdly round the side of the 

corpuscle. They probably in- 
crease the eenaibility of the 
papilliB by increasing their re- 
sbtance, and thus causing 
greater pressure on their nervc- 
fibriU. 

399. Compass Test of Seo- 
Sibilitj.— The sensibility of the 
various parts of the skin, the 
epidermal covering being of 
equal thickness, is in general 
proportionate to the supply of 
nervous fihrUs to these parts, 
and to the aetivUy of their ci' 
eulaiion. Cold, the t3nng of a - 
ligature round the oi^an, or 

anything which diminishes its Fig. za—Papffla o( Skin of 

riiv<nil«Hnn IpsBPTia it.a npnsi ""'* ''^™ '"™ Cuticle to 

Circulation, lessens us senai- show Tactile Corpuscle. 




400. A pair of drawing compasses, with their points 
slightly blunted, forms an excellent test (Weber's 
method) of the relative sensibility of the surface of the 
skin at different parts of the body, the sensibility of that 
part being greatest at which the two points of the com- 
passes can be separately distinguished from each other 
when placed nearest together. The following Table 
Bhows the relative sensibility of diiFcrent parts of the 
ekic, as determined by this method ;— ' 
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BEHaiBILITY OI TABIOHS PARTS Ot ■ 



Up of Finger, 

Red Surface of Lips, 2 liu 

Tip of None, 



Falin of Hand, 

Forehead, - 
Back of Hand, 
.. Tbigh, 



The distances given in the above Table are the slbortest 
distances at which the two compass points give ttoo dis- 
tinct impressions ; between these distances the two pointa 
give the impression of but one. The student ^ould 
repeat these observations on himselfl 



CHAPTER XV. 

THE KIDNEYS AND URINARY OBQAN'S. 

401. The Chief Orinary Organs are the kidneys, ureters, 
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and tli« bladders, hj which the nrine is eaxrtled, eon- 
vej/ed to the bladder, and stored up until its accumuln- 
tion produces a sensation of uneasiness vhich nltimatelr 
leads to its expulaion, (See fig. 71.) 

102. The EidneTS are the two bent, oval-ohaped, dark- 
reddish organs situated outside the peritoneum, at the 
back of the abdominal cavity, one on each side of the 
spinal column, opposite the junction of the dorsai and 
lumbar vertebne. 

The bent or internal borders of the kidneys, whicli 
are turned a little backwards and towards the spine. 
contain openings termed hiluses, which give entrance to 
the rened arteries and nerves, and exit to the rmai veins 
and ducts. 

The hnmut kidney very closely resemblea that of the Bliee|>. 
witli which we are ^ familiar, but ia a little larger, measnriDC 
nbont 4 inches long, 2 inGhea wide, and 1 inch thick. Each 
kidney is surrounded and protected by a largo maas of loose co«- 
tmUivc tiBsae and fab — ^as seen in a loio of akeep at the bntolieis. 
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403. Cut a sheep's kidney through the middle, hngi- 
tvdinally, from its convex to its concave border, with a 
very sharp knife, and the following structures, passing 
from without, inwards, will be observable: — 

(1.) An external thin membranons covering of connective tissne 
— the capsule — which passes in at the hilua and lines its interior 
einus or cavity. 

(2.) A darker, somewhat spotted, friable layer, about one-fifth 
of an inch thick, termed the cortical substance, which forms about 
three-fourths of the substance of the gland. 

(3. ) A fibrous striated-looking structure, termed the medullary 
substance, the larger portion of which is collected into the form of 
pyramids (the Malpighian pyramids), the summits of which, 
termed papiltce or mamillcB, protrude into the sinus or cavity 
of the kidney. 

(4. ) A hollow cavity or sinus (dividing into a central and two 
terminal funnel-shaped portions, termed in^undibula) which opens 
by the pelvis into the ureter. This cavity is lined by the capsular 
membrane. Those portions of the membrane which line the 
papillsa are termed the calyces, 

404. The Medullary Substance of the kidney consists 

of straight tubules of transparent basement membrane, 
varying from ^^ to -yj^ of an inch in diameter, lined 
internally with spheroiddl or glandular epitlidiaZ cells. 
Each tubule is surrounded by a minute pleocus of veins, 
from which it derives the urea secreted by the glandular 
epithelium. About 1,000 of these tuhuXi wrtwi/m open 
and discharge their excretion (urine) into the sinus 
from the end of each pyramid. 

405. The Cortical Substance of the kidneys consist 
chiefly of the Malpighian capsules^ and their contained 
glomeruli or arterial tufts of the convoluted and tor- 
tuous continuations of the straight tubuli uriniferi. 

The ends of the straight tubules first become con- 
voluted, and then terminate into flask-like dilatations, 
the Malpighian capsules. Into this capsule an artery, 
termed the afferent artery, enters and coils or loops up 
into a little ball or tufb, termed a glomerulus, pushing 
before it the membranous end of the capsule, so that 
the membrane completely invests the arterial iuffc; the 
other end of the coiled blood-vessel leaves or passes out 



CISCITLATIOK OF THE BLOOD lH TUB KIDNEYS. 183 

of the capsule as the efermt vein (see fig. 73). Pro- 
fessor Hwxley comparea this ■with the ordinary filtering 
BrraQgemenii of the chemist^the wall of the capsule 
representing the funnel, the walla of the arterial tuft 
the filtering paper, and the hlood in its interior the 
liquid to 1» filtered — a portion of which, as it were, 
filters through into the tubule. 



Tig. 73. Pkn of CiicolatioD in Kidney, 

406. Circnlation of the Blood In the Eidseys. — !E^. 73 
shows the minute circulation in the kidneys. The 
arterial blood enters the kidneya by the renal orteriM, 
■which, after dividing and subdividing, ultimately dis- 
tribute it to the afferent arteries of the various glo- 
meruli or arterial tutts. The blood leaves each tuft by 
the efferent veins, which first form the venoUB ple6uM* 
(resembling in miniature those of theptwtai circulation 
of the liver) that surround the urinifermi» titbules and 
supply them with the blood from which the urea is 
secreted, and then unite to form the radicles of the 
renaivein^ 
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*" The urea and uric acid are most probably secreted by the 
glandular epithelium of the tubuli urini/eri. The watery jrartion 
of the urine is probably supplied from the external tttft in the 
Malpighian capsule, the membrane of which is apparently lined 
only with thin squarnous epithelium. Possibly some of that portion 
of the membrane lining the outside of the tuft has no epithelial 
covering. 

407. The Purest Blood in the body is that passed from 
the kidneys by the renal veins, the urine excreted 
having removed not only most of its nitrogenous waste 
matter, but probably as much carbonic acid as it could 
have acquired during its short journey from the lungs. 
Therefore the blood will now contain its minimum 
quantity both of carbonic add and urea; in other words, 
it will consist of the aortic blood deprived of most of its 
nitrogenous waste matter. 

Ir^-itation of the renal nerves immediately stops the 
excretion of urine, and changes the bright-red renal 
venous blood to the dark colour of ordinary/ venous 
blood. (See Vaso-motor Serves.) 

408. The Ureters are the two excretory ducts, about 
16 or 18 inches long, and about the diameter of a goose- 
quill, which convey the urine from the kidneys to the 
bladder. They enter the outer posterior walls of the 
bladder very obliquely, passing between its coats for 
about an inch, so that it is much easier for a substance 
to find its way into than out of the bladder by these ducts. 
They enter the inner wall of the bladder side by side, 
as shown in the diagram (fig. 71). Their walls, like 
that of the bladder, contain three coats. 

409. The Bladder, which is placed in the pelvis, and 
serves as a reservoir to retain the continuously secreted 
urine, consists when distended, of an oval-shaped sac or 
bag, about 5 inches long and 3 inches wide, and is capable 
of holding a pint and upwards of fluid. It, like the 
ureter, consists of three coats — viz., an outer fibrous 
coat, a middle muscular, and an inner mucous coat. 

The neck of the bladder is furnished with a sphincter 
muscle, by whose contraction the external passage from 
the bladder (the urethra) is closed. 
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Ordinarily tlie mnscular wall of the bladder keeps it in a state 
of permanent contraction, which gradually yields to the pressure 
of the contained nrine as it gnuiually increases in quantity. 
Ultimately, when it has collected in such quantity as to give rise 
to a certain sensation of uneasiness, the sphincter muscle, usually 
with the assent of the will, relaxes, and the muscular walls, now 
contracting more violently, expel the contained liquid through 
the external passage (the urethra), 

• 

410. The Urine is the (when healthy) clear, pale-yellow 
coloured, acid, fermentible liquid secreted by the kid- 
neys. It contains the chief nitrogenous waste of the 
system. One thousand parts of it contain about 965 of 
watery 14 of urea, '4 of uric acid, 10 of extractive 
colouring matter, <fec., about 10 of salts (chiefly sodium, 
calcium, and magnesium phosphates and sulphates), and 
common salt (sodium chloride). 

The urine also contains a small quantity of carbonic 
acid, and still smaller quantities of nitrogen and oxygen. 
The urine thus contains the elements of the blood and 
tissues in a condition of disintegration. 

The average quantity of urine excreted per day by a 
healthy man is about 50 ounces, or about 24,000 grains, 
containing about 500 grains of urea, about 10 to 12 
grains of uric add and about the same quantity of 
hippuric acid. The quantity and composition of the 
urine excreted per day, however, varies considerably 
with health, age, temperature, work performed, &c. 
The nitrogenou>8 and phosphoric waste is increased very 
greatly by hard study or brain work. 

Urea, the principal nitrogenous and organic constitutent of 
nrine, is not formed, but simply separated from the blood by the 
kidneys. It is, when pure, a colourless, transparent, soluble, 
crystallizable (in needles), neutral substance, having the chemical 
formula CH4 NgO. It is the product of the oxidation of the 
nitrogenous portion of the tissues. It decomposes into carbonate 
of ammonia, which explains the strongly ammoniacal odour of 
badly kept urinals. 
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CHAPTER XVI. 

DUCTLESS GLANDS. 

411. The Chief Ductless Glandsare thespleeii, the mpra- 
renal capsules, and the thymus and thyroid glands. They 
bear a certain resemblance to the glands proper in their 
internal structure which consists largely of ceUs or vesi- 
cles, and in their great vascularity; but they differ from 
them in not containing eoccretory ducts. They are supposed 
to contribute to the formation of the colourless cor- 
puscles of the blood, which probably originate to a great 
extent in the solid substance of the ductless glands. 
Their actual function is really unknown. 

The Thymus Gland, which is situated at the base of the 
heart, behind the stemum, gradnally disappears about middle life. 

The Thyroid Gland is situated in front of the throat, just 
below and on each side of the larynx. It is the seat of the disease 
known as ** Derbyshire neckf** or goitre, so common in some parts 
of Derbyshire, and in Switzerland. 

The Suprarenal Capsules are two small, trian^lar, or 
cocked-hat-shaped bodies, which rest on the top of the kidneys. 

412. The spleen, or milt, is the very distensible, flat- 
tened, oval, dark reddish body, whose slightly eoncave 
inner surface lies upon the left side of the stomach. It 
consists of a dark -reddish, friable, spongy substance, 
called the splenic pulp, held together by a network of 
trabeculse (bars), and studded with a great number of 
whitish spheroidal bodies,terTaed the splenic (Malpighian) 
corpuscles. It becomes very much larger about six hours 
after a meal. It has been cut out of dogs apparently 
without any disadvantage to the animals. The blood 
which leaves the spleen by the splenic vein contains 
relatively more colourless corpuscles and fibrin^ but 
fewer red ones than are contained in the blood brought 
to it by the splenic artery before it has passed through 
this organ. 

, The spleen probably acts as a reservoir for the extra 
supply of blood required during digestion, also as one of 
the sources of the white corpuscles of the blood. 
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CHAPTER XVII. 

ANIMAL MECHANICS — THE MUSCLES, TENDONS, JOINTS, 

LIGAMENTS, AND LEVEBS. 

413. Animal Mechanics is that branch of Physiology 
which treats of the various movements of the animal 
body, or of motion and locomotion, and of the contrivances 
by which they are effected and the mode in which they 
are used. The muscles are the chief active agents of 
motion ; the bones, ligaments, joints, and tendons are 
the passive agents. 

A veiy fine delicate microscopic movement, which takes place 
over a considerable area of inembranoua surface in the interior 
of the body, is effected by means of cilia. The origin of this 
movement, which is effected by the ciUa bending alternately back- 
ward and jfonoard at their basCy and which is entirely independent 
of the nervous system, is not understood. 

414. The Muscles, which consist of red fleshy masses 
of contractile fibre, comprise two kinds, viz. : — (1.) 
Hollow muscles, which enclose cavities, and the contrac- 
tion and extension of which alternately contract and 
expand these cavities, as explained in the case of the 
heart and the cUimentary canal; (2.) Solid mv^cles 
which are for the most part attached to bony levers, 
Hollow muscles consist of unstriped or smooth muscular 
fibre; solid muscles consist of striated muscular fibre. 
(See sees. 142, 143). When a muscle contracts, its 
thickness increa>S€8 in the same degree that its length 
decreases, so that it does not alter in actual bulk, 

415t The Solid Masdes usually consist of masses of 
contractile fibre which are arranged, one end of the 
muscle being attached to a bony lever (that is, of 
a movable bone) the other end of the muscle being 
attached to a second (fixed) bone, a joint intervening 
between the ends of the two bones, so that when the 
muscle contracts, one of the bones is Tnoved towards the 
other. 

Such muscles usually possess a bdly, or fuller and 
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thicker, more or less convex mass in the middle, and 
two smaller extremities terminating in tendon, termed 
respectively the origin and insertion of the muscle. 

The end of the muscle attached to the £xed bone is 
termed its origin; the eTid attached to the movable bone 
is termed the insertion of the muscle. 

416. Sphincter and Orbicular Muscles. — In some cases 
the muscular fibre is arranged in circvlar hands or rings, 
as at the termination of the rectum, in the pylorus, or at 
the entrance to the bladder. In such cases, the cofUrac- 
tion of the muscular ring or sphincter closes a central 
aperture, while its relaxation allows the same to open. 
The im, the orbicularis oris which surrounds and closes 
the mouth, the orbicularis palpebrarum which surrounds 
the circumference of the orbits and eyelids, and closes 
the eyes, are of this type. 

417. Nomenclature of Muscles.— Muscles usually take 
their names from their function, their shape, or their pos- 
ition: abductors draw parts ^rowi each other, adductors to 
each other ; levator muscles raise or draw upward ; flexors 
bend the limbs ; extensors straighten them by their con- 
traction, and are examples of the^r«^ class. The deltoid, 
denticulated, rhomboidal, serratus, square, triangular, 
and oblique muscles are examples of the second class. 
The abdominal, brachial, cervical, crural, dorsal, facial, 
pectoral, pelvic, and thoracic muscles are illustrations 
of the third class of muscles. Still, another class of 
muscles exist, which are named according to the number 
of heads or parts into which they divide, as the biceps 
and triceps of the arm. 

418. Tendons or Sinews (from Lat. tendo, I stretch) 
consist of the tough, flexible, but inelastic whitish cords 
or bands of fibrous tissue by which the muscles are 
attached to the bones, as the tendo AchUlis, by which 
the gastrocnemius muscle (muscle of the calf of the leg) 
is attached to the os calds, A good illusti*ation of a 
tendon is presented in the yellowish-white cord in the 
leg of a fowl, which, as most boys know when pulled^ 
draws up or closes the foot and claws. 
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The tendons play the same part to the bones that 
the harness plays to the carriage. When the muscles 
contract they pull the tendons which pull the bones, 
just as when the horses pull the harness^ the harness 
pulls the carriage. 

419. Ligaments. — See sec. 87. 

420. The Articnlar Cartilages consist of the thin layers 
of true cartilage which tip the surfaces of the ends of 
the movable bones. Its smoothness lessens friction^ 
its elasticity lessens the concussion of the bones. 

421. The Synovial Sacs (from Gr. sun^ with ; and don, 
an e^g) are kinds of sacs or bags which line the cartilages 
of the joints — thus forming a douhle layer of membrane, 
one layer adhering to one bone, the other to the other 
bone, as usual with the serous membranes, the interior 
of the sac, where the two substances rub together, being 
lubricated by a transparent yeUovnsh-white, or reddish, 
glairy, viscid fluid secretion, in appearance resembling 
the white of an egg, termed the synovia. 

The passages through which the tendons glide are also 
lined by synovial sacs or hursce, 

422. A Joint or Articulation consists of the union of 
two or more bones. Movable joints consist of perfect 
and imperfect joints. 

(1.) The imperfect joints are such as those of the 
vertebrcB of the spine, which have no smooth linings of 
cartilage, and no synovial sacs, and which possess but 
very limited degrees of motion. 

(2.) In the perfect joints the ends of the movable 
bones, at the surfeices of the joints, are tipped with 
cartilage, lined by synovial sacs, and lubricated with 
synovia in order to prevent friction. They are held 
together by means of ligaments. 

The piincipal joints of this class are the ball and 
socket, the hiiige and the pivot joints. 

423. The; Ball and Socket Joints consist, like those 
of the arm and thigh, and of rounded heads, fltting into 
rounded cavities or sockets. They admit of very con- 
siderable motion in almost every direction, allowing the 
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arms and legs to be rotcUed so as to describe a cone 
round an imaginaiy axis. This movement is termed 
circumiiiduction. When the socket is sJiaHow, like the 
glenoid cavity of the shoulder, there is great freedom 
of motion ; but the bones are easily dislocated. , 

When the socket is deep, like the cLcetahvlum of the 
pelvis, there is much less freedom of motion, but also 
less cJiance of dislocation, 

424. The Hinge Joints, so called from their resem- 
blance in plan of structure to a common hinges only 
permit two motions — a backward and a forward motion 
in one plane. Hinge joints are single and double. 

The elbow is a single hinge joint ; the lower end of the 
humerus presents a nearly cylindrical head, which fits 
into a con-esponding cavity in the vlna. The knee and 
the ankle are examples of less perfect single hinge joints. 

425. In douJble-hinge or saddle-shaped joints, the end 
of each bone is convex from side to side in one direction, 
and concave from side to side in a direction at right 
angles to the convexity. They bear a certain limited 
resemblance to a saddle whose upper surface is concave 
from front to back, and convex from side to side. " A 
man seated in a saddle" is "articulated" with the saddle 
by such a joint. The metacarpal bone of the thumb is 
articulated to the trapezium (one of the carpal bones) by 
a double-hinge joint. 

The joints of the plialanges of the hand and foot are 
essentially hinge joints. 

426. Pivot Joints are formed by projections, processes, 
or pivots, on one bone, on to which, by a suitable ring or 
fitting, a second honQfits and turns, or in which the first 
bone turns on its own axis. Such joints permit of par- 
tial rotation. It is evident the rotation could not be 
complete without causing the laceration and destruction 
of the neighbouring nerves and blood-vessels. 

427. The principal pivot joint in the body is that 
formed by the odontoid process of the aan«, and the 
a/nterior arch and tra/nsverse process of the atlas. The 
former is a vertical jt?e^, which fits into a ring formed by 
the two latter, the ring of the atlas rotating. 

^ flfecond less perfect kind of ^vot joint is pre- 
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sented in the junction of the radius and the npper part 
of the fdna. The head of the radius, which is cylindrical, 
rotaies within a ring formed partly by a depression in 
the ulna, but chiefly by the orbicular ligament. The 
two chief movements performed by this joint are those 
of supination.&nd pronation, 

429. Supination (from Lat. supinus, lying on the back) 
consists in turning the back of the hand downwards. 
Rest the dbow on the table and examine this move- 
ment, and it will be seen that the ulna ^elbow) takes no 
part in the movement, but that it is entirely effected by 
the movement of the radius and the ulna by means of 
the pivot joint referred to. In supination the radius 
and ulwit are made parallel with each other. 

430. Pronation (from Lat. pronus, bending forward) is 
the movement by which the palm of the hand is turned 
doumwards. In the act of pronation the radius is 
moved obliquely over the ulna, 

431. A Lever is usually defined as a rigid or inflexible 
rod or bar, movable on or about a certain ^e<i or rela- 
tively fixed point of rest^ prop, or support, termed the 
fulcrwm. The force by which the lever is moved is 
termed the poioer; the resistance to be overcome is 
termed the weight or resistance. 

Levers are divided into thres classes or orders, 
according to the position of the points on the bar or lever 
to which the power or the tveiglU are applied in relation 
to the fulcrum. The rods in all the three classes of 
levers may be either straight or curved, 

432. In Levers of the First Kind the fulcrum is placed 
hetufeen the power and the weight, which are therefore 
placed on opposite sides of the fulcrum. The beam of an 
ordinary balance (pair of scales), a pump handle, the 
arms and blades of a pair of scissors, are so many fami- 
liar illustrations of this order of lever. The following 
are examples of this kind of lever in the human body : — 

1. The head rocking backward and forward on the atlas (its 
fnlcmm), the trapedum muscle, attached behind to the occipital 
bone, bemg thepotoer; the weight of the cranium and the face in 
front of the aUas being the resistance, (When a person goes to sleep 
Roundly, or dies in a sitting posture, the hetA falls forward^ because 
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the trapezium muscle (the power) suddenly ceases to act.) 2. The 
pelvis, supported by the heads of the femoral (thigh) bones, when 
roieing the trunk from the stooping position, as when bent forwards 

with the £Etce to the ground (see Fig. 
74). 3. The foot movingup and down, 
the toes tapping the ground (the 1^ 
slightly raised), the ankle joint the 
fulcrum, the front of the foot and 
any object carried by it the weight 
or resistance, and the gastrocnemiui 
muscle attached to the os calcis 
the power. 4. The movement 
of the forearm on the elbow, tho 
Itumerus the fulcrum, the triceps 
muscle of the back of the arm tho 
power, and the hand and its con« 
1\ tents the weight to be overcome. 

ATP"^^^ 6. The trunk, when held erect, 

^""^-^ or rather the pelvis, spinctl 

Fig. 74.Lever of the First order, column, and head, which, as 

weight or resistance, are raised and 
maintained in their erect position, as a continuous bar, by the flexor 
and extensor muscles of the thighs, the power which act on the 
pelvis immediately above the hip joints, which form thefulcrum, 

433. In Levers of the Second kind the power and the 
weight act on the same side of the foUcrunif the weiglU 
being the nearer. A pair of nut-crackers ; a loaded wheel- 
barrow resting on its wheel (the fulcrum), its handles 
being raised up ; the oar of a boat in the act of rowing. 

The following are illustrations of this kind of lever in 
the human body : — 

1. The bones of the foot, when we stand " tip-toe," the toes the 

fulcrum; the ankle joint and body resting on 
it the weight; and the gastrocnemitis mnscle, 
X^ulling at the os calcis, the power (see Fig. 75). 
2. The lower, jaw in opening (pulling 
down) the mouth. 

434. In Levers of the Third kind 
the power and the weight act on the 
same side of the fulcrum; but the 
power is in this case the nearer. The 
following are examples of this kind of 
Pig. 75. Lever of the Se- lever :— A man pulling (raising) the 
cond order. The Bones upper end of an inclined ladder from 

of the Foot when stand- *^- --.-^.. 




Uiff on tip-too» 



against the wall, his foot being placed 
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against ^e/oot of the ladder as fulcrum (see Fig. 76); a 
pair of common fire-tongs used to hold a lump of coal ; 
the treadle of a lathe. 

The following are examples of this order of levers in 
the human body : — 

1. The radrus of the fore-arm palled op by the lncej)8 muscle. 

2. Thebonesof 
the foot, when 
the heel rests on 
the ground, and 
the toes are pull- 
ed upwards by 
the muscles at 
the front of the 
leg. 

435. With 
this form of 
lever, velocity/ 
of movement Fig. 76. Lever of the Third Order, 

is gained in exchange for power lost. For instance, in 
raising a cup to the mouth in order to drink, probably a 
power eight to ten times equivalent to that of gravity — 
that is, to that due to the mere weight of the cup — is ex- 
pended; but the cup is moved to the lips with eight to ten 
times the velocity with which it would otherwise move. 
The great advantage of this arrangement will be immedi- 
ately seen, if we only imagine the inconvenience which 
would result if every time we raised a cup of drink or a 
morsel of food to the lips, such lifting took eight to ten 
times longer than it now does. 

436. The Ereot Position of the Body in Standing is 
maintained by the complicated antagonistic actions of 
the volunta/ry muscles, which neutralize or halcmce each 
others contraction^ as follows: — 

(a) The muscles of the calf, acting against the foot as the hasia 
of support of the body, contract^ puQing the body backward^ and 
thus prevent its falling forward. 

(&) The antagonist muscles of the fron* of the leg and thigh con* 
tract, pull the body forwards, and neutralize the action of those of 
the calf. 

(c) The muscles of tho buttocks, spine, and back of the neck 
14* W 
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neutram 6» halanae the forward pulling action of thow of the leg 

and thiirh. ■■ a* i. 

{d) The rnusdca of the front of the abdomen and throat again 
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Fig. 77. Showing the action and attachments of the most important 
muscles by which the Erect Posture of the Body is maintained. 
The arrows show the direction in which the muscles pull, the/ee< 
acting as the fixed Basis. (After Huxley.) 

balance the puUing-backward action of those of the buttocks^ 
spine, and neck. 

This mutual balancing of the various antagonistte 
muscles is shown in fig. 77. The arrows show the 
direction in which the muscles tend to pull the body. 

In this way the body is kept erect ; its centre of gravity, 
however, being high up in the trunk, it is, though a 
process of cUmoit unconscums voluntary action, one of 
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considerable delicacy. A blow on the head, a stab or 
shot, which produces a sufficient nervous shock to sus- 
pend the action of the wUl over the volunta/ry muscles, 
suddenly arrests their action and causes the body to/cUL 

437. Walking is accomplished as follows : — 

(1.) By raising one leg from the ground, bending the knee, and 
extending the ankle, which thus uirows the weight of the body 
forward, and on to one leg only. 

(2.) By raising the opposite limb on the ball of the big toe, and 
throwing the YxSty forward, and on to the limb^r«^ moved. 

(3.) By repeating the first movement. 

In walking, (me leg or the other always rests upon the 
ground; very quick walking, however, [passes by in- 
sensible gradations into running, 

438. Rnnning is accomplished by similar but more 
sudden and violent means, both feet for exceedingly 
short periods being simvltcmeoiLsly raised from the 
ground. In running ^ the legs advance by muscvla/r con- 
traction^ in wcdJdng they advance more by the mere 
pendulum swing of gravity. 

439. Jumping or leaping is effected, — 

(1.) By the sudden contraction of the mtiscles of the calf by 
which the heela are suddenly raised and the body jerked off tho 
ground. 

(2. ) By the simultaneous contraction of the muscles which bend 
the thigh on the pelvis. 

(3.) By the sudden extension of the legs by the contiuction of 
their extensor muscles, this movement foUowing immediately on 
the two movements first described. 

Hopping simply consists of jumping on one leg only. 
A series of rapid low jumps executed aUemontely by each 
leg constitutes running. 



CHAPTER XVIII. 

THE ORGANS OP THE VOICE. 

440. Voice. — ^The most delicate and perfect motor 
apparatus in the body is, perhaps, that of the voice : it 
has been calculated that upwards of 900 movements per 
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minute can be made by the movable orirans of speech 
during reading, Bpeakig. singing, &c. ^S son^ is 
sensation, produced by the rapid vibration of air, op 
some highly elastic medium. Voice is sound produced 
by sonorous vibrations, or aerial sound-waves, excited by 
the rapid vibration of the true vocal cords, themselves 
put into vibration by the rush of air expelled during 
expiration through the glottis or narrow chink left be- 
tween them when they are tiglUly stretched, (See fig. 80.) 

441. The student will have observed that if clothes 
lines or telegraph wires are allowed to swing loosely in 
the wind, no sound is heard ; but that if drawn verv 
tight, they wiU emit a mtmcal sound with every gust of 
wind. Such is precisely the case with the vocal cords; 
if they be allowed to hang loosely while we breathe, no 
sound will be heard ; but if they are suddenly drawn 
tight, the mode of breathing being in every other respect 
unchanged, sound (voice) will be immediately heard. 
The principal organs of the voice are the larynx, or 
voice-box, and the included vocal cords. 

442. Speech is ordinarily voice carved, chiselled out, 
or modified into words by the tongue, lips, teeth, palate, 
cheeks, nose, &c. ; but there may be speech without 
voice, as in whispering, in which the vocal cords play 
no part. So, also, there may be voice without speecli, as 
when we simply breathe with the vocal cords in a state 
of tension, 

443. The Larynx (from Gr. la/rugx, orifice of the wind- 
pipe) is the somewhat complex^nne^shaped structure at 
the top of the trachea. It is situated immediately in front 
of the upper part of the oesophagus and under the tongue. 
Its thyroid cartilage forms the well-known prominence 
so strongly marked in some men at the upper part of 
the throat, termed the pomum Ada/mi, or Adam's apple; 
so named, it is said, that because when Eve gave Adam 
some of the forbidden finiit, a portion of it probably 
stuck in his throat and produced the swelling or enlarge- 
ment referred to. (See ^g, 78.) 

444. Structure of the liaiynz, — ^The larynx comprises 
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the following essential parts or structures : — 1. A tubu- 
lar or yknne^shaped cartilaginous box or framework. 
2. Two elastic ligaments, bands, or cushions of yellow 
elastic tissue, situated one on each side of the larynx, 
separated from each other by an opening in the middle 
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Fig. 78. Flan of Larynx and its Cartilages. 

The Thsrroid Cartilage is supposed to be transparent, so that the Arytenoid Cartilage. Yoeal 
Cord, Criooid Cartilage, Thyroarytenoid Hassle and Epiglottis are to be seen through ic 

of the larynx, between the two bands, which are termed 
the vocal cords. 3. Muscles for giving movement to 
cartilages, and thus tightening or relaxing the vocal cords, 
so that they may either be put into or out of action at 
the command of the loUl, or by which the sound they 
produce may be modified as desired. 

It is lined on its interior with mticous membrane, and 
is abundantly supplied with nerves, chiefly derived from 
the pneumogastric nerve. 

445. Cartilages of the Laiynz. — The larynx is built 
up of four principal cartilages — ^viz., the thyroid, cricoid, 
and two arytenoid cartilages. 

4A6. The Thyroid Cartilage (from Gr. thureos, a 
shield ; eidos, shape) consists of a broad plate of cartil> 
age bent back upon itself into the shape of the letter V, 
as seen from the top, or as it has been fancifully de- 
scribed, the shape of a shield^ from which it has derived 
its name. The angle of the V is turned to the front of 
the throat, forming the '^Adam's apple/' referred to 
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in sec. 443. The top of thia cartilf^ is attAchod hj 
a I^tunent to the hyoid bone of the tongue, ita base is 
attached to the imlaide of the cricoid cartilage, so that it 
may be rocked backtoardi and /onoards, aee-saw-Iike, 
and thus tighten or relax the vocal cords fastened on 
opposite sides at its interior, (See fig, 78.)] 

147. The Ciicold Cartilage, which m shape somewhat 
resembles a tignet ring, is a complete ring of cartilage, 
the bai^ of which is much broader than its JrorU. It is 
mount-ed on the topmost ring of the trachea, and supports 
the thyroid cartilage, in such a manner as to permit of 
the rocHng motion described. (See fig. 78.) 

446. The Aiytenoid Cartilages (from Gr. arutairut, a 
pitcher) are two peculiar, somewhat triangular and 
pitcher-shaped oartUagea, situated towards the back of 
the thyroid cartilage, and to which the back ends of the 
vocal ligaments are attached, their /rmit ends being 
attached to the inner angle of the thyroid cartilage. 
l!bese cartilages are capable of movement (under ttie 
action of muscles) 
every direction, 




vocal cords. Their 
movements, in some 



those of the a 

" bell-crank." (See 

fig. 78.) 

448. The Epiglottis 
is the thin elastic 
y el lowish , leaf-shaped 
plate oifibro-cartiiage 
attached to the thy- 
roid cartilage and the 
byoid bone which 

forms £ sort of trapnloor valve protecting the entrance 

to the larynx. (See Deglutition. ) 
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150. The True Vocal Cords or Ligaments are the two 

elastic bands or cushions of yellow elastic tissue previously 
described : their surfaces are lined by mucous membrane. 
They are somewhat triangular in their cross section, the 
bases of the triangles forming the inner edges towards 
the sides of the larynx, and the apices, the free edges 
between which the glottis (the opening to the windpipe) 
lies. 

Their front ends are inserted in the notch in the 
interior of the firont of the thyroid cartilage (see fig. 79), 
their hcuik ends being attached to the bases of the mov- 
able arytenoid cartilages. 

451. The vocal cords are moved towards each other 
by the contraction of the a/rytenoid muscle. They are 
stretched by the crico-thyroid muscles, which pull, by a 
rocking movement, the thyroid cartilage forward (see 
sec. 446); the tkyro-wrytefrwid muscles pull the thyroid 
cartilage backward, and thus relax the cords; the pos- 
terior crlco-arytenoid muscles dilate the glottis (see 
fig. 79). The thyro-arytenoid muscles are said to be 
the chief muscles by which the vocal cords are made 
paraUd to each other. 

452. When the mucous meinhrane of the vocal cords 
becomes swollen or ulcerated, the edges of the cords 
loose their normal elasticity, and hoarseness or loss of 
voice is produced. 

Two folds of mucoits membrane, a little above the 
true vocal cords, are termed the ujpper or false vocal 
cords. The space between the true BJid false vocal cords 
is termed the ventricle of the larynx. 

453. Difference of Pitch or Note depends upon the 
number of times the vocal cords vibrate per second. 
This again depends upon the length and the tightness 
(tension) of the vocal cords. The longer the portion of 
the cords vibrating (other things being equal), the less 
the number of vibrations per second, and therefore the 
lower ov more base the note; on the contrary, the tighter 
or shorter the vocal cords, the greater the number of 
vibrations per second, and therefore the higlter or more 
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tuaiU the nbte. In falsetto notes, it is said that only 
one-half of the Tocal cords are in action. Women and 
children have voices of higher pitch, becauae their vocal 
cords are Telatively ahorler than those of men. 

The ranffe of the voice depends upon the extent to 
which the vocal cords can be adjost^ during vocalisa- 
tion, by either being shortened or lengthened, tightened 
or relaxed. Accuracy of intonation or singing depends 
chiefly upon the precision with which the singer can regu- 
late the action of the muscles concerned in adjusting the 
position, length, and tension of the vocal cords and the 
vocal cavities. 

The voices of boys "breftk," becaose of the sndden growth or 
enlargement of the larynx, and consequent iiicrea«e in leneth of 
the vocal cordi, at from 14 to 16 years of age. No snch enisrge- 
meot takes place in the larfoxes of girls: ther^ie their voices 
undergo no inch sadden change. 

45i Londness of Voice depends chiefly upon the 
force with which the air is driven through the glottit, 
and the resonance of the vocal cavities. 

455. EBsenti&ls to the prodnction of Voice. — From 
what has been shown, it will be seen that the following 
conditions are essential to the production of the hnman 

1. The existence of pa/raSel elastic ligaments (vocal 
cords) in the requisite state of tennon. 
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2. The passage through the parallel chink between 
these cords of a current of air moving with a 
sufficient force to put them into the requisite 
state of vibration — ^that is, to cause them neither 
to vibrate too slowly nor too rapidly. 

To modulate the voice, the additional contrivances 
previously mentioned are also necessary. 

456. The Vowel Sounds are the open continuous sounds 
produced by the passage of air through the glottis when 
the vocal cords are in the position of vocalization, and 
the mouth is left open. The difference in the vowel 
sounds— a, e, i, o, u— depends upon alterations made in 
the size and shape of the cavity of the mouth during the 
the emission of the original open sound just described. 

457. The Consonantal Sounds are sounds produced by 
the interruption of the passage of the current of air 
issuing through the glottis, and causing the open vowel 
sound just described, by the interposition of the tongue, 
teeth, lips, or the^ron^, middle, or back part of the tongue, 

"When the interruption is caused by gently and mo- 
mentarily closing the lips, the vibrating ^r-cu^t from 
the glottis suddenly forcing them open, the explosive labial 
consonants (lip-letters) B and P are produced ; when the 
interruption overcome is offered by the tongue against 
the teeth, the explosive dent(d consonants (tooth-letters) 
T and D are sounded; when the momentary resistance is 
offered by the middle or back of the tongue and the 
palate, the gutturals K and G (hard) are sounded. 

When the passage of the vibrating air from the glottis, though 
interrupted, does not cease, but only changes its direction, we 
get continuous consonants; if diverted through the nose by the 
closure of the lips, M is sounded ; but if the diversion of the current 
is effected by the tongue, pushed against the palate, N is pro- 
duced. 

When the size of the air-passages, through which the vibrating 
sonorous and serial current is issuing is greatly reduced, the 
sounds, s, sh, th, f, v, g (soft), and other similar sounds are 
produced. 
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CHAPTER XIX. 

THE SENSES AND THE OBGANS OF THE SENSES. 

458. The Organs of the Senses are the instroments by 
which the mind is brought into reUUion with the esc^er- 
ncU world ; or, in other words, the instruments by which 
the mind is acted upon by natural agencies eostemal to 
the brain. They consist essentially of nerve expan- 
sions (spread out and specially prepared to receive the 
stimulus of the particular agent, mechanical, optical, 
sonorous, olfactory, or gu9tatory), which are in general 
connected with the brain by special nerves. The nature 
of the sensation depends to a great extent upon the 
nature of the covering of the nerve expansion inter- 
vening between the terminal nervous neh/oork and the 
external exciting agent. 

459. There are six senses, viz. : — ^the muamlar sense, 
the sense of touchy of taaiey of emdl^ of hearing^ and of 
sight. 

In all cases sensation takes place in the brainy and not 
in the nerves or their outer extremities. 

460. The Muscular Sense is the sense by which we 
judge of the relative weight of a body, or the degree of 
resista/nce it offers to effort made to put it into move- 
ment. 

461. The Sense of Touch, or the sense by which we 
become acquainted with the existence, shape, and pro- 
perties of bodies, is common to the whole body, but more 
especially to the skin, some portions of which are very 
much more highly endowed with this power than others. 
(See Skin, sees. 397-9.) 

It is by this sense chiefly we get a notion of solidity 
and roundness. In tliis sense it is the corrective of 
sight, by which, until corrected by " touch," aided by 
experience and judgment, all objects appear flat. To 
persons born blind, and whose sight has been flrst ob- 
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tained by the aid of the oculist, all objects at first appear 
as though they were^a^ and touching the eyes. 

462. The organ of touch consists essentially of an 
exterrial layer of epithelium, which, being in contact 
with the external agent, first receives and modifies its 
action, which it then transmits to the internal layer of 
the tactile organ (consisting of plexuses of nerve fibrils) 
immediately below it, which transmit the stimulus thus 
originated to the brain, by means of this cerebral, or the 
posterior branches (sensory) of the spinal nerves. 

The nature of the sensation, to a great extent, depends 
on the thickness of the medium or covering external 
to the nerves. If, for instance, the cuticle be abraded, 
and the skin below be touched with a point (however 
gently) instead of the ordinary sensation of touch, that 
of pain will be produced. 

463. The Tongue is the chief organ of Taste ; but this 
power is also possessed by the back of the palate and the 
fauces. The tongue consists essentially of a mass of 
voluntary muscular fibre, covered externally with a 
layer of mu,cou^ membrane, in which the sense of taste 
resides. It is divided by a median line into two lateral 
symmetrical halves, and has a tip, border or edge, and 
dorsum or back (see fig. 54). Taste is an exceedingly 
complex sensation. 

The mucous membrane of the tongue is studded 
with papillce, of which there are three varieties. (See 
fig. 64.) : — 

(1.) The Filiform (thread-like), which are most ntunerons, 
eBpecially about the middle of the dorsum of the tongue : they 
fill np the interspaces between the other papillcB, 

(2.) The Fungiform (mushroom-shaped), which are larger at 
the top than the base. These are chieny scattered over the sides 
and tip of the tongue. 

(3.) The Circumvallate or Calydform (from Lat. dream, round; 
and vallo, I dig) consist of a central mass or mound-like projec- 
tion, surrounded by a circular trench-like depression. They are 
l-2(>th to l-12th of an inch in diameter, and may be seen at the 
back of the tongue, arranged in two rows, like the letter \l,four 
ox Jive in each row. 
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The papille liecome distended -when acted upon by 
Bolutio&s capable of penetrating their mucouB covering. 
The furred appearance of the tongue, vhen the stomaui 
or intestines are out of order, is caused by the matting 
of the epithelium, produced by the thickened mucous. 

The larger papillte are very vascular, and receive 
nerve Jibrila from the glotsopharyngeal and the jS/iA paor 
of nerves. The former supplies the haek of the tongva 
jind palcUe, which is the chief region of taste ; the latter 
chiefiy supplies the ^oni of the tongue. 

461. The Sense of Smell is exercised through the 
unoilialed mitcous (Schneiderian) membrane -which lineg 
the upper parts of the nasal cavitiet, and which receives 
its supply of nerve-filaments from the ol/aetory ItAei 
and not from the fifth pair of nerves. (See sec. 519.) 

It is excited by the contact of odoriferous particles, in 
all probability undergoing the movements involved in 
the process of oa:t(ftea^ion ; since (1) odmvui bodies are 
oxidiiabU; and (2) no sensation of emell can be excited 
if oxygen be shut off from the nose 




Fit;. 81. Vertical Longitnjinal Section of the Nual Cavity. SIiov< 
ing Olfactory Lobe txtA diatnbahon of the Olfutory FilAmento, and 
the Fifth Cnigcminal] Nerve on (he Bight wall of (be Nose. 

465. The Noee is the triangular-shaped organ situated 
in the middle of the fece. Its roof is formed by the 
erihriform plale of the ethmoid bone of the skull, through 
the siene-liie apertures of which the olfactory JUamerUt 
(false nerves) pass. It is bounded in front and laterally 
by the nas(d b<m£s and cartUages; its floor is formed by 
the hard and soft palate. It is divided into two cavitiet 
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by the frntal a«ptum (wMch conautB partly of bone, the 
vomer, and partly of cartilage). These cavities open out 
into the air in front of the nose by means of flie two 
nostrils, and into tlie pharynx behmd, by the two poa- 




Fig. 82. 

lerior narei (nostriJs) situated immediately over tbe aides 
of the velum or soft palata 

The nsEal cavities proper open into a numbor of small cavities 
or tinusta ia the froiUal tplienoid and malar and lurbiaal bones. 
These cavities and tortuous passages lend to varm the air, and thus 
promote smell. The true olfaclory charier lies above the baae of 
the middlt tarbinaied bone, and therefore out of tbe general cur- 
tent of the breathing air ; therefore, if the odour ia but faint, it is 
necessary to stiff the particles npwwiJ. A cold, by causing saetl- 
ing of the mucous membrane which covers the uneer tartnnaUd 
bones, impedes the passage of the odour-laden air to the upper 
part of the nose, over which tbe ol/aeiorn nerve fibril* are dis- 
tributed, and thoE causes partial loss of smell. 

■ 466. Sonnd. — The external cause of sound ia mere 
meehanical movement. Sound is almost invariably pro- 
duced by air in a state of eonorous vibration, that is, air 
oscillating backtoards and forwarda with great rapidity. 
If the uioiiti movement be either too quick or too dow, it 
will not produce sound. 

The hnd of sonnd— that is, its piUh or nof«— depends on the 
onmber of waves per second, being higher or kneer respeotivety, 
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ai the nnmber of waves per weotid ia gru 
initance, if 250 wayes atnke the ear 
middU C will bo produced ; if 512, ■ 
prodnced. 

467. The Sensation of Hearing is excited in the brain 
bj means of a Tnolecular moveTnetU, set up in the tume 
fihrila of the internal eoir or labrynth, by the rapid vibra- 
tion of some external eJfUfte body, and transmitted to 
the brain by the avdiUtry nerve. The essential parts of 




Fig. 83. Diajjr^m of Gar. 

the organs of hearing are the memhranotu lali/rlnth, and 
the seala miedia of the cochlea. 

468. The Organs of Hearing (the ears) — eachcon^tof. 
three parts, viz. : — 

(1.) The external ear, comprising the^nno or anrlcfe, 
the gristly appendage attached to the side of the bead, 
(which both serves as a natural ornament and to collect the 
vibrations of the air,) and the auditory eanai (meatus) or 
passage by which the vibrating air is conducted to the 
membrane of the tympanum. The meatus is linod by 



THE TESTlBria. 207 

mncOTiB membrane, studded with the eerumijuna or wax 
gltmds* 

(2.) The tympannm, or middle ear, (which consists of 
on irregular cavity in the petrous part of the temporal 
botie), boiinded on its outer aide by the metnbra/na 
tympaai, and on its inner side by the outer wall of the 
homy lahjfri'nth. It ia traversed by a chain of movable 
bones, consiBting of the malleus or hammer bone, the 
incus OP anvil bone, the etapea or stirrop bone, by which 
the vibrations are conveyed from the external air, 
through the middle ear, to the membrane in ^^fcntetra 
ovalia in the side of the labyrinth. The tympanum opens 
into tiiQp/Mrynahy the £uslaehian tube; by this arrange- 
ment the air enclosed in the tympanum is kept at the 
same tetuion or pressure as that of the external atmos- 
phere. 

(3.) The labyrinth, or internal ear, consisting of the 
veiHbule, the three eemircircvlar eanaU, and the cochlea, 
and their metiAranfiut, nerve, fluid, and other oon- 
tents. 

4S9. The VeBtibale is the middle or central chamber of 
the tntema^ ear or labyrirUh which opens into the cochlea 




Tig 84. Flan of Ear 

nM Saiit It Uu QkUm u* luiiiiiiad Is U luniUiiL TIu iSaitS portloii nrnHnk Bou. 

and the tmuarcular canait It u situated at the innur 
side of the tympannm, with which it communicates by 
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means of two memhrane-stopped openings, viz. : — the 
fenestra ovalis and the fenestra rotunda. 

The vestibide contains a larger membranous sac termed 
the utricle^ and a smaller one termed the saccide, or fre- 
quently the sacculus hemisphericus, 

470. The Semicircular Canals are three long arched 
tubes about J^ of an inch in diameter. These three hollow 
arches, which form the greater parts of circles, consist 
of two nearly vertical canals (an anterior and a posterior) 
and a horizontal canal. 

471. The Membranons Labyrinth consists of a closed 
membranous sac of the same form as, and a Httle smaller 
than, the vestibule and the three semi-circular canals by 
which it is enclosed. It occupies the middle of these 
bony structures, and is separated from them by a clear 
liquid termed the perilymph^ its interior being filled with 
a similar liquid, termed the endolymph. The vestibular 
portion of the m>emJ>ra/nxms labyrinth consists of two sacs, 
— a larger, termed the utricle, and a smaller, termed the 
saccule. Each canal has a larger or dilated end, termed 
its ampulla, the nerves of which are covered with deli- 
cate stiff filaments. The fibres of the auditory nerve are 
distributed over the inner walls of the ampullce, the sac- 
cule, and the utricle. 

472. Otoconia. — In order to increase the efiect of the 
vibratile concussion on the auditory nerve Jilaments, 
little masses of minute crystalline grains of stone (car- 
bonate of lime), termed otoliths, or otoconia, are supplied 
to the walls of the saccule and utricle, opposite the point 
where the nerves are distributed. 

473. The m^mhranous labyrinth is possibly the appa- 
ratus through which we distinguished the intensity and 
quantity of sound. 

474. The Cochlea (Lat. a snail's shell), a conical shell- 
like structure, forms the front portion of the labyrinth. 
It possesses a central axis, termed the modiolus, round 
which a partition (partly of bone, partly of membrane), 
termed the laanirui spiralis, winds spirally, 2J times, 
dividing the spiral canal of the cochlea into two scalco 
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or passages, termed respectively the scala vestibuU and 
sccUa tympcmi. Between these two passages is a third, 
termed the sccda mediae which is contained between the 
two walls of the membranous portion of the lamina 
spiralis. The latter is really a membranous hag^ twisted 
spiraUy round the edge of the bony portion of the lamina 
spiralis, and its cavity forms the scaki media, as described. 
One of its walls, more elastic than the other, is covered 
over with minute rod-like bodies, termed the fibres of 
Corti, which, looking like so many keys on a keyboard, 
serve more readily to take up the vibrations communi- 
cated to the endolymph. The interior of the walls of 
the scala media are covered with fibres of the auditory 
nerve. One end of the scala media is closed, the other 
opens into the saccvlibs hemisphericus, 

475. The cochlea is possibly that portion of the audi- 
tory appa/ratus by which we are enabled to distinguish 
the quality — that is, the pitch or ioThc of sound. 

476. The Modus Operandi of Hearing. — The air is put 
into rapid sonorous vibration, the aerial waves enter the 
external auditory ca/nal, impinge upon the memhrana 
tympani, and put it into the same rate of vibration ; the 
malleus, pressing against its interior side, is put into 
vibration by the membrana tympani; the malleus puts 
the incus into vibration; the in/yus attached to the 
stapes, puts it into vibration; the stapes attached to 
the membrane filling up the fenestra ovalis, an oval 
aperture in the vestibule, puts it into vibration; this 
membrane puts the endolymph {in the interior 'of the 
semicircular camxjls, ampullae, saccule, utricle, and scala 
msdia), into vibration; the endolymph, dashing against 
the auditory nerve fibrils, otoliths, otoconia, and fibres 
of Corti, puts them into vibration, ihe fibres of Corti, like 
the keys on a pianoforte, only taking up the vibrations 
corresponding to their length and special note. The 
vibrations thus set up synchronously with the external 
vibrating air, acting as an excitant on the auditory nerve, 
cause it to transmit to the brain a nerve^m,ovement or 
stimulus which wakens up in it the sensation of sound, 

14* o 
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A little membrane-stopped hole, the fenestra rotmida in 
the vestibule, facilitates the movements of the endolymph, 
by giving it more play. 

477. Light is the external agent or cause of narm^al or 
objective vision. Of its real nature we know absolutely 
nothing, all our knowledge of it being purely hypo- 
thetical. Yet in the whole range of human knowledge 
we possess no explanation of any of the phenomena of 
nature more complete and satisfactory — if even so com- 
plete and satisfactory as — that afforded by the unduloitory 
hypotJiesis of light, of the various complex and beautiful 
phenomena of light and colour. 

478. Undulatory Hypothesis of Light and Coloor. — This 
hypothesis assumes that all planetary space, also all 
interstitial space (the pores or spaces between the 
particles of matter^, is filled with a highly attenuated, 
imponderable, invisible, elastic fluid, termed luminiferous 
et/ier. It also assumes that this ether is capable of 
being put into an up-and-down wave-movement, which 
in direction and general character resembles that of the 
sea, but which, in the minuteness of the waves, and the 
rapidity of the propagation of their movement, is 
utterly inconceivable to the human mind. It is sup- 
posed that these waves come "rolling in" through 
the openings and tt-anspdrent humours of the eye, 
pitching themselves against the retina at the back of 
the eye, like sea-waves pitching against the rocks or 
against a sea-waU, It is further supposed that the 
nerve fibrils of the retina are shaken by the loave 
concussions they thus receive into a series of vibrations, 
that these vibrations act as a stimulus, which, trans- 
mitted to the brai7i by the optic nerve, produces the senses- 
tion of sight. 

It is further supposed, that if the nerve fibres of 
the retina receive 390 millions of millions per second 
of wave concussions, they will themselves bp put into 
the same rapid rate of vibrution, and stimuli^te the 
brain, through the m^di^ul of %]ie op^c neryCf pQ as 
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to cause a sensation of just visible redness; that if they 
are put into vibration by shorter light-producing waves, 
travelling at the rate of 754 millions of millions of 
ivaves per second, they will produce a just visible 
sensation of bltie or violet colour. 

If the nerves of the retina be made to vibrate at 
intermediate rates to the above, one or other of the 
colours of the spectrum or rainbow will be produced ; 
but if the rate of vibration be either very much higher 
or lower than those given, no sensation of light or colour 
will be experienced. 

479. Golonr, like sound, is thus a sensation consequent 
on brain-cliange produced by the transmission of a mole- 
cular movement or change in the substance of the nerve 
fibrils to the brain, the movement being originated by 
an external vibrating agent ' In the case of sound, the 
external agent is the air; in the case of light or colour, 
it is the luminiferous ether. 

480. Complementary Colours. — White or solar light 
probably consists of three primary colours. The primary 
colours, according to Professor Clark Maxwell and Mr. 
Benson, are red, green, and blu^e. When one of these is 
absent, the compound or secondary colour which remains 
is termed its complementary colour. 

Thus, if the red rays of solar light be absorbed or extinauished, 
objects otherwise toMte will appear of a bluish green. If the green 
rays be absorbed, the same ooject will appear pinh. If the blue 
rays be absorbed, such objects will appear yellow. In short, any 
two colours whic^ combined will produce a white are said to be 
complementary to each other. 

^Experiment. — Look steadily with one eye for a short time at a 
bright red wafer on white paper held in the sunlight. Tarn the eye 
on to some other part of the paper, a complementary green image 
of the wafer will be seen. This arises from a portion of the 
retina bein^ exhausted of its sensitiveness iat the red rays, while 
it still retams its senaitiTeness iot i\M complementary green, 

481. Coloiur Blindnegg, or Daltonism, conaivtif in 
the inability of certain eyes to di«tinguiah particular 
colours. Singularly the most comm<Kii defect of ibis 
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is the inability to distingiush red from black, green, 
&c. 

It is not yet known whether this weakness arises from a defect 
in the brain, the retina, or the humours of the eye. The employ- 
ment of colour-blind persons as railway guards might lead to most 
serious accidents. 

482. The Eye is essentially an optical instrument, 
constructed for receiving, bending (reflecting), and throw- 
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Fig. 85. Showing the formation of inverted optical images on the 

Betina at the back of the Eye. 

ing the rays of light on to a screen (the retina) at its back, 
so that it shall receive a very minute and inverted, but 
clear and definite, picture or image of the surrounding 
objects. In fact, in no case do we see the external 
objects themselves, but pictures of them fovmjed by tlie 
light sent from them, and focussed on the back of the 
eye (the retina), as just described. The eye is, in 
fact, a sort of water camera obscura: it is moved by 
six muscles attached to its external coat (the sclerotic). 
The eyes are lodged, for protection, in packings of fat 
in the orbits of the cranium. 

483. Strnctnre of the Eye. — The eye is a nearly round 
ball, about 1 inch in diameter, which encloses three 
lenses or humours and two muscles, and which consist 
of three coats or layers. It also contains nerves and blood- 
vessels. It is attached to the optiQ vfiTve behind^ as an 
apple to its stalk. 
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Fig. S6. Vertical Section of Eye-BoU. 

484 The Sclerotic Coat (from Or. sfcleroi, hard) forma 
the external wall of the eye-ball, the " white of the eye." 
It is an opaque, tough, fibrous membrane, which cuta 
like leather, and consists chiefly of white fibrous tissuo. 
It contains two apertures — the circular opening in front, 
in which the cornea is inserted, and the posterior open- 
ing through which the oplie neroe enters. (See fig. 86.) 

486. The Cornea (from Lat. comu, hom) is the cir- 
cnlar watch-glass shaped, transparent, fibrous body 
inserted in the aperture in the sclerotic coal, at the 
Jront of the eye, that admits the Ug/it by which vision 
is excited. (See fig. 6G.) It also aids in bending or 
focussing the light which enters the eye. 

486. The Choroid Coat (from Or. chorion, the outer 
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skin of the egg) is the delicate coat ,of hlood-vesseh and 
hlack pigment cells which forms the middle coat of the 
eye, and causes the black appearance of the pupil. 
When the pigment is wanting, as in the case of Albinoes, 
the blood-vessels, showing through the aperture of the 
pupil, give it a red or pinkish appearance. Towards 
the front of the eye it collects into about sixty folds^ 
which are termed the ciliary processes, to which the iris 
is attached by a narrow fibrous ring, termed the ciliary 
ligament, (See ^g, 86). 

487. The Iris (from Lat. raivhow), so called from the 
diversity of its colour, is the circular, flattened, perforated 
curtain of unstriped mvscle, nerve, connective tissue, 
pigment cell, and blood-vessels, which, placed behind the 
cornea, regulates by the contraction and expansion of its 
central aperture (the pupil) the quantity of light ad- 
mitted to the eye. It divides the space between the 
crystalline lens and cornea, which contains the aqtieous 
humour, into an anterior and a posterior chamber. 

Experiment.— Place yourself before a looking-glass in a darh 
room with a lighted candle in your hand, hold the light as far 
away to the side as you can, while you look at the image of the 
pupil of your eye. It will appear very large and dark. Now 
bring the candle gradually nearer and nearer until you bring it 
close before the eye — the pupil becomes smaller and smaller 
hecause of the contraction of the circular muscular fibre of 
the iris. 

488. The Aqueous Humour is the clear, limpid, watery 
fluid which fills the space in front of the crystalline 
lens, and bathes both sides of the iris, 

489. The Crystalline Lens or Humour is the biconvex 
lens-shaped, transparent, jelly-like body, placed almost 
immediately behind the iris, by which the light entering 
the eye is/ocTMsed and made to form inverted pictures or 
images on the retina at the back of the eye. It is 
about ^ of an inch in diameter and -J- of an inch thick. 
Its general form and properties may be well studied in 
the eye of a sheep. It is retained in its position by the 
suspensory ligament, and is encircled by a triangular 
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cavity, termed tlie cancU of Fetit, wHcli probably gives 
space for its adjustment 

Short Sight (myopia). — If the crystalline lens, or even tlie 
cornea, is too round, the ligJU is bent to a focus too soon — that is, 
before it reaches the retina, by which an indistinct picture is 
formed. This is termed short sight, and is corrected by the use of 
bi-concave (thin in the middle) spectacles, which bend the rays 
outwards (farther apart) before they enter the eye. 

Iiong Sight (presbyopia). — If the crystalline lens or the cornea 
is too flat, the rays of light entering the eye are not bent quickly 
enough — that is, they reach the retina before they are brought to 
a focus, the focus of the lens being behind the retina. In this case 
bi-convex (thick in the middle) spectacles, which bend the ra.y9 
nearer together before they enter the eye, are used. This is 
termed long, weak, or aged sight, objects, as in reading, being held 
at a considerable distance from the eyes. 

490. The Vitreous Humour is the large, spherical, trans- 
parent, glassy-looldng lens or humour which fills up the 
greater part of the interior of the eyeball. It consists 
of a jelly-like albuminoid fluid, inclosed in a delicate 
capsule, termed the hyaloid membrane. (See figs. 85, 86.) 

491. The Retina (from Lat. rete, network) is the deli- 
cate coat or membrane which may be seen lining the 
interior of the back of the eye, when the eyeball is care- 
fully cut into B, front and a hack half. It consists partly 
of an eocpansion of the optic nerve, and partly of other 
structures, which probably assist in enabling the light 
to produce the requisite impression on the nervous 
fibrils of the optic nerve. A transverse section of the 
retina, seen under the microscope, shows, commencing 
from the front of the eye, the following layers or 
structures : — 

1. Anterior limiting membrane (next to capsule of vitreous 
humour). 

2. Layer of nerve fibres from optic nerve. 

3. Layer of ganghonic corpuscles. 

4. Layer of convoluted nervous fibrils. 

6. Inner layer of granules (molecular layer). 

6. Outer layer of granules. 

7. Layer of rods and cones (Jacob's rods). 

8. Posterior limiting membrane (next the choroid). 



k 
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492. The rods and cones probably possess the power 
of converting the vibrations of the luminiferous ether 
into a stimulus to the fibres of the optic nerve, by which 
it transmits to the brain the movement which wakens 
up in it the sensation of light or colour. 

493. The Blind Spot, optic pore or punctum caecum, 
is the insensible (to light) portion of the retina, situated 
at the back of the eye at the entrance of the optic nerve 
and central artery. The optic nerve enters the eye a 
little inside (towards the nose) of the optic axis or 
line which passes perpendicularly through the centre of 
the crystalline lens. 

Images of objects falling on the blind spots of the eyes 
are quite invisible. 

Experiment (1.) Hold tbe book so that the letters A and B 
shall be 9 or 10 inches or thereabout from the eyes. 

(2.) Shut the right eye and look continuously and steadily at the 
letter B on the right. The letter A will also be seen. 

(3.) Move the book slowly towards the eye, taking great care 
not to alter the direction in which it looks. At a certain 
point the letter A will disappear, its image is now on the 
blind spot, 

(4.) Continue to move it towards the eye, and its image will be 
removed from the blind spot to a sensitive part of the 
retina^ and both letters will again come into sight. 



494. The blind spot has no rods or cones, but is abun- 
dantly supplied with nerve fibres, thus showing that the 
light does not act originally on the nerve fibres, but 
Tipon the rods and cones, which then communicate and 
originate the necessary movement to the fibrils them- 
selvcvs. 

495. The Bright Spot of Sommering, macula lutea, or 
yellow spot, is a round, yellowish, elevated spot, about 
^ of an inch in diameter, situated in the centre of the 
back of the eye in the axis of vision, and about ^ of an 
inch outside of the blind spot. Its summU contains a 
mtie pit or depression termed the fovea centralis. It is 

e seat of most acute vision, yet it has no nerve filyres 



SINGLE VISION WITH TWO EYES. 217 

from the optic nerve, but it is full of close-set cones, and 
contains nerve corpuscles. 

496. The Dnration of the Impression of Light on the 
retina is about J of a second. If, therefore, a lighted 
stick be rapidly moved round in a circle so that it shall 
return to the point from which it started in less than J of 
a second, it will be seen as though it were a luminous 
circle. The appearance of the firework termed the 
" Catherine wheel," and of the pictures in a zoetrope, are 
due to this cause. 

497. Erect Vision.— The fact that bodies are seen 
in their erect or natural position while their optical 
images on the retina (the immediate cause of vision) are 
inverted, is evidently due to the unconscious action of 
the judgment. 

That erect rnsion, consequent on the formation of inverted optical 
images on the retinay is 7U)t due, as sometimes suggested, to the 
alleged decussation of its fibres on their way to the brain, is proved 
by the fact that if a person ** stand on his head," or stoop down 
and view the landscape from between his legs, the head and eyes 
themselves being thus inverted, the surrounding objects are still 
seen in their normcU or erect position. 

498. Single Vision with Two Eyes. — But one object is 
ordinarily seen where but one object exists, though two 
optical images of the same (one on the retina of each eye) 
are simultaneously formed. This most probably arises 
from the fact that in such cases the axes of vision of both 
eyes being directed to the same point that the tioo 
optical images are formed on corresponding parts of the 
two retincBy and that consequently the mind thus re- 
ceiving simultaneously two nearly similar or identical 
impressions unconsciously combines them into one per- 
ception. 

li, however, an object be viewed simultaneously with the two 
eyes, their axes of vision not being directed to the same point, as 
squinting, or when the movements of one of the eyes is checked by 
pressing heavily on it with one of the fingers, the two optical 
images of the object viewed will be formed on different parts of 
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the two retinas, and two objects will apparently ba seen where one 
only exists. 

By corresponding parts of the two retince is meant those parts 
of each retina which would correspond in position were they 
brought together, aud placed the one over the other, like two 
saucers, the one resting within the other. 

499. Double Vision with One Eye. — The apparent num- 
ber of objects seen with one eye depends not upon the 
number of objects presented to it, but upon the number of 
optical muiges of these objects which, are formed on the 
retina at the back of the eye. If, therefore, through any 
defect or injury two or more optical images should be 
formed of each object presented to it, the number of 
objects would be increased in the same ratio. It is 
in this way that multipljdng mirrors and lenses in- 
crease the apparent number of objects seen through 
them. 

Experiment. — ^Take a piece of thick card, or, stiU better, of 
tin-foil — prick two very small holes close together in it — hold a 
small object, as a very smaU bright steel bead or pin-head, behind 
and near these holes — when properly adjusted and looked at from 
the right distance through these holes, two pin-heads will be seen. 
This arises from the light reflected from the pin's-head being 
divided and bent round {diffracted) by the edge of the card, so that 
the pencils of light reflected from the pin-head are split up into 
two portions, each of which forms a distinct image on the back of 
the eye. 

500. A Phosphene is the luminous image produced 
by pressure on the retina'; it may readily be produced 
by pressing forcibly with the finger on the outside 
of the eye. A blow on the eye, a prick on the retina, 
or the passage of an electric current through the eye, 
gives rise to the sensation of flashes of light. 

501. PurMiye's Figures are the reddish diverging 
lines and cup-shaped disc on a dark back-ground, 
best seen where a small but bright light is held (in a 
dark room with dark walls), close to the outer side 
of one of the eyes, so that its rays shall pass into 
the eye very obliqvdy. The cup-shaped disc-like 
appearance is produced by the yellow spot; the red- 
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dish lines are the shadows of the blood-vessels of the 
retina. 

502. The Adjustment of the Eye is the process of adap- 
tation by which it is enabled to see small and near objects, 
or large and distant ones. Hold two objects, a small 
and near object and a larger and more distant one, 
before the eye, and nearly in a line with each other. It 
will be obsei*ved that, if the near one is seen distinctly, the 
more remote one will be seen much less perfectly, and 
vice versa. The adjustment necessary to see either one 
or the other object distinctly is effected by the ciliary 
muscle. This muscle, by its contraction, as in viewing 
small or near objects, acts indirectly on the lens, making 
its front surface rounder and the lens itself thicker. By 
its relaxation it indirectly causes the lens to become 
flatter and thinrver as when we view more distant or 
larger objects. 

503. The Ciliary Muscle is a ring of unstriped mus- 
cular fibre, which is attached to the front edges of the 
ciliary processes of the choroid coat by the ciliary liga- 
ment. The lens is supposed to be stretched, pulled 
out, or flattened by the tension of these processes which 
encircle its rim; when the ciliary muscle contracts, it 
overcomes this tension, and the elasticity of the lens, 
causing its sides to spring out, makes it thicker (rounder 
in form), and shorter in focus; when the ciliary muscle 
relaxes, the tension exerted by the choroid coat im- 
mediately stretches it out to its previously flattened 
shape. 

Images (as of the flame of a candle) reflected from the 
front of the lens show that such changes in its form do 
really take place during the process of adjustment. 

504. The Muscles of the Eye-Ball by which the eyes are 
rolled about and the axis of vision is moved in any given 
direction, consist of the four recti (straight) muscles by 
which the eye is rolled inwards, outwards, upwards, and 
downwards, the superior oblique pulley or trochlearis 
muscle, and the irferior oblique muscle by which the eye is 
rolled on its axis at the same time that it is pulled inward 
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and forward. The tu)0 oblique musclea (ure attached a 
little behind the centre on the mUer aide of the eye-ball, 



Fig- BT. The Mnacles of tlia Eyeball (eeea from above), 
and thus give it their peculiar movement. The tendon 
of the trochka/ria muscle paasea through a tendinous 
puMey-like loop, and beada downwards bo as to act on 
the eye-ball like a cord from a pulley. The following 
are the names and functions of the muacles: — 

1. Snpericr rectas [aUolera) mnscle, pnlla the eye-ball npwardi. 
3. Inferior rectus, ,, „ „ downwardj. 

3. Internal rectus [addactor), „ „ „ inwards. 

4. External rectus [abdattor), „ „ „ ontwards. 
6. Saiterior oblique itrochleaTU), rotates the eye out- 
ward and downward. 

6. Inferior oblique, rotates the eye outward and upward. 

fi05. The Chief Appendages of the Eye are the 
eyebrows, eyelids, conjunctiva, and the lachrymal 
apparatus. 

600. The Eyebrows are the arched integumentary 
prominences which project over the upper part of the 
front of the orbits. Among their other offices they 
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sbode and protect the e^es, and with the aid of the 
short thick hairs with which they are studded, preveat 
the perspiration fi\>m running into them. 

607. The Eyelids consist of thin plates of movable 
cartilage surrounded bv folds of akia. Each of their 
free edges is Mnged witn a row of hairs (the eyelashes), 
and contains a row of irom 20 to 30 minute glands 
termed the Meibomian glands (see fig. 86), which con- 
sist of modified sebaeeove glands embedded in grooves in 
the cartilage. Each of these glanda consists of a single 
closed straight tube of batement membrane, into the sides 
of which a number of minute follicles open; the interior 
of the gland is lined with scaly epithelium. The upper 
eyelid is raised by the contraction of a special muscle 
termed the levator palpehrarum euperioris. The eyelids 
are closed by the contraction of a sort of spkincler muscle 
termed the orbioularis palpebrarum muscle. 

SOS. The Conjunctiva la the mucous membrane which 
first lines the interior of the eyelids and is then re- 
flected over and lines the firont of the eye-ball. 

609. The LachiTmal Qlands consist of two small 
racemose glands (each about the size of an almond), 
lodged in depr^sions at the upper and outer angles of 
the orbits (see fig. 88). They secrete the laclirymal 
fluid which moislem and lubricates the iroab of the eye, 




Fig. 88. Lachrymal GUni 

and which passes off firom the inner angles of the eye 
by the lachrymal and TUtsal ducts into the nose. When 
secreted in very large quantities, as during certain kinds 
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of mental excitement or in consequence of tlie action of 
irritants, a part of it escapes as tears down the cheeks. 



CHAPTER XX. 

THE NERVOUS SYSTEM — INNERVATION. 

510. The Nervous System consists of the cerebro- 
spinal axis which comprises the brain, medvlla oblongata, 
spinal cord, and the cerebral and spinal nerves, and of 
the sympathetic, ganglionic, or organic nerve system. 

511. The brain and spinal cord are enclosed in three 
coverings, viz.: — the pia mater or irmeT vascular mem- 
brane, the arachnoid (serous) membrane, and an otUer 
tough fibrous membrane termed the dura mater. The 
arachnoid and sub-arachnoid spaces are filled with the 
cerebro spinal fluid, which aids in protecting the brain 
and spinal cord. This fluid is secreted by the arachnoid 
membrane. 

The pia mater adheres to the brain, following and 
dipping into its external sulci or furrows. The ara/clir- 
noid membrane covers the brain and pia rnater without 
following or dipping into the sulcL 

512. Innervation. — The various functions of the ner- 
vous system constitute that of innervation, and consist 
in the generation and transmission of m^tor impulses 
(sec. 419), of sensation, and of thought, volition, and 
emotion. For every act of ini^ervation — that is, for 
every idea thought, every eiQotion excited, every sensa- 
tion felt, brain tissue is burnt or oxidized, 

513. Sensation is the process by which we become 
conscious through the brain of impressions received and 
transmitted to it by the afferent or sensory nerves (sec. 
532). When sensation is excited normally — ^that is, 
by external agency — ^it is termed objective sensation; 
but when it arises without any external cause, that is^ 
is produced by the unprompted or rather intrinsic action 
of the brain or nervous system itself — ^it is termed iub- 



TUE BBAIN OR EKCEPHALOII. 223 

jective sensation, aa in the case of the "ringing in the 
eats" sensation with which most are more or less familiar. 
Sensation requires — 

(1.) A. suitable medium for reffifini; tlie eitomol impresaion or 
Btimulne— us the ^e to receive light. 

(2.) A means of IraMmitling tue impretsioa to the bralD— na 
the optic nerve. 

(3.) Brain organization to develop eorueiouintM o! impression. 

514. The Brain or Encephalon. — The principal parts 

of the brain are the cerebrutn or brain proper, the cert' 
bellvm or lesser brain, the pons Varolii and the TneduUa 
ohltmgata. It also contains a series of ganglia at its 




longata, and Corpus Colloeum. 



base— viz., the corpora striata, e^tie thalami separated 
frou) each otjier by tlie third ventricle, eorporn quadri- 
ffemina, the pineal gland, and the pituitary body tho 
functions of which are not all understood. It also con- 
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tains fissures or cavities within or at its base termed 
ventricles. 

The average weight of a man's brain is 54 ounces, 
and that of a woman's 45 ounces. The maximum weight 
known is 64 ounces. 

515. The Cerebrum or principal mass of the brain is 
divided by the great longit/udinal fissure into two hemi- 
spheres — each hemisphere is again divided into three 
lobes — anterior, middle, and posterior — ^the anterior lobe 
lies in front of the fissure of Sylvius, the posterior lies 
over the cerebellum, and the middle lobe between the two. 

Its outer or cortical portion consists of gray nerve 
vesicle which gives it a pinkish or ^' cineritious" ap- 
pearance. Its inner or medullary portion consists of 
tubular nerve fibre. 

The two hemispheres are connected by a commis- 
sure consisting of white nerve fibre, termed the corpus 
callosum. 

The surface of the cerebrum, is convoluted, the sulci or 
fissures being about an inch deep. The object of these 
convolutions is apparently to increase the surface of the 
brain and the consequent quantity of gray vesicular or 
cortical matter in which the generation of the nervous 
or mental force seems to reside. In any case it would 
seem that the fewer the number of convolutions, and the 
less deep the svlciy the lower the scale of intelligence of 
the animal. 

516. Functicn of the Cerebrum. — That the cerebrum is 
the principal seat of the intellect, volition, and of the 
emotions, is shown by the following facts: — ^When the 
human cerebrum is below a given size, its possessor is 
always an idiot. Disease or injury produces idiocy or 
insanity. The size of the cerebrum, its quality being 
equal also, bears some proportion to the mental potver of 
the animal. 

That these powers are derived from the cortical or 
external vesicular structure is additionally shown by 
the fact that in serious slow-growing disease affecting 
the whole of the brain, that if the disease ^^^ attack the 
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white internal medullary portion, that the power of miw- 
cular control and movement is first lost, the intelligence 
being affected last, whereas if the cortical part of the 
brain becomes first diseased the mind of the patient is 
first affected, he either becoming maniacal or demented. 
If the cerebrum be removed from a pigeon or other 
animal that can stand the nervous shock incurred in its 
removal, it will live and move but will show no signs 
of consciousness or intelligence. 

Poisons as alcohol, opium, &c., which act upon the 
cerebrum, also produce temporary insanity or loss of 
intelligence, or of consciousness, 

517. The Gerebellnm or lesser brain, situated at the 
base of the back of the skull, is separated from the 
cerebrum by the tentorium, a process of the dura mater 
which lines the inside of the skull, forming a fioor for 
the cerebrum, and a roof for the cerebellum. It consists 
of alternate lamince of white and gray nerve matter 
which, when cut perpendicularly, presents a peculiar 
arborescent appearance, termed the arbor vitce of the 
cerebellum. Its weight is about -^ of that of the whole 
brain. (See fig. 89.) 

. Its function is not fully known : it however in some way 
or other regulates and co-ordinates muscular movement. 
If removed from the head of a pigeon, the pigeon will 
continue to move backward or round and round, having 
apparently lost all power of regulating its movements. 

618. The Pons Vajrolii, or bridge of Varolius, is the 
commissure which connects the cerebrum, cerebellum, 
and medulla oblongata together. It consists mainly of 
white nerve fibre. 

519. The Cranial or Cerebral Nerves are the twelve 
pairs of nerves which are given off from the brain or the 
meduMa oblongata, and which pass out of nine foramina 
(apertures) at the base of the cramum (skull). The 
cranial nerves are nurnbered from before backwards, accord- 
ing to the order in which they pass out of the skull. 
The special names, numbers, functions, and distribution 
of these nerves are given in the following table ; — 
14* P 
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Table of tub Function and Distribution op the 

Cerebral Nerves. 



Pair. 

l8t. 

2nd. 
3rd. 



4tb. 
6th. 



6th. 
7 th. 



8th. 



9th. 



10th. 



11th. 
12th. 



Special Name. 



Olfactory nerves. 

Optic nerves. 
Motores ocnlL 



Trochlear nerves. 



Trigeminal or 
trifacial nerves. 



Abducens nerves. 

Facial nerves, 
Bometiines de- 
scribed as the 
portio dura of the 
seventh pair. 

Auditory nerves, 
sometimes de- 
scribed as the 
portio mollis of 
the seventh pair. 

Glossopharyn- 
geal. 



Pneomogastrlc 

nerves (par 

vagum). 



Spinal accessory 
nerves. 

Hypo-glossal or 
linguai nerres. 



Distribution. 



To the upper part of the tnucota 
membrane of the nose. 

To the inside of the eye-t)all& 

To the superior, inferior, and in- 
ternal rectus muscles of Hhe 
eyes, and to the elevator muscle 
of the upper eyelid, and to the 
irU. 

Superior oblique trochlearls 
muscle. 

From the fourth ventricle, by 
three divisions, to the eye-baU, 
orbit, lachrymal ^nd, skin of 
the face, muscles of the jaws, 
and front of tlie tongue (taste). 

External rectus muscle of the eye. 

To nearly all the muscles of 
the face. 



To the various parts of the 
labyrinth or inner ear. 



To the tongue and soft palats 
(taste), and to the pharyngeal 
muscles. 



T<f the mucous membrane and 
the muscles of the pharynx, the 
larynx, and the trachea, and 
to the lungs, the liver, the 
stomach, and the heart 

From the spinal marrow to the 
moBcles of the neck and \»ck. 

To the maseloB of tli« tongoe. 



Function. 



Sensory (smelQ. 



Sensory (vision). 
Motor. 



Motor. 



Mixed (motor 
and sensory). 



Motor. 
Motor. 



Sensory 
(hearing). 



Mixed (motor 
and sensory) 
taste and com- 
mon sensfition. 

Mixed (sensory 
and motor). 



Motor. 



Motor» 



Ihe seventh and eighth pairs of nerves leave the cranium by the same up&r* 
tures; they have therefore, by some writers, been counted aa bat miA pair, vie, 
the seventh. For a similar reason, the etwMth and twe^ pftin 9m alro some- 
times counted as one pair. 
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520. The Medulla Oblongata is the cranial portion of 
the spinal cord. The general distribution of its gray 
and white matter is similar to that of the spinal cord 
proper. (See sees. 524-7.) It is of a pyramidal shape, 
about 1 J inches long, f inch wide at its broadest part, 
and J inch thick. It, like the spinal cord, is divided 
into two lateral halves, each of which again is divided 
into three columns. 

The nerve fibres from the opposite sides or halves of 
the medulla^ decussate or cross over to each other, there- 
fore it follows that in certain cases injury to one side of 
the head will produce paralysis on the other side of the 
body. 

521. Injury to the Medulla Oblongata, whicli is the nervous' 
centre of the respiratory movements, and in which all the true 
cranial nerves originate, may, by arresting its reflex action, pro- 
duce death by sunocartion. Irritation or injury of the medulla, 
or of the roots of the pneumogastric nerve, may cause death by 
stopping the action of the heart. (See sec. 213). 

522. The general functions of the medulla oblongata 
are very similar to, but more important than those of 
the spinal cord. 

Its r^lex action takes place through its gray or gan- 
glionic nerve matter. 

623. The Spinal Cord is that portion of the cerebro- 
spinal aacis which is contained within the spinal column. 
It commences at the termination of the medulla oblon- 
gata and extends from the foramerb magnum (the large 
aperture in the occipital bone at the base of the skull) 
to the first lurribar vertebra, where it terminates in the 
Cauda equina. It is about 16 inches long, and weighs, 
with its nerves and investing membranes, about IJ 
ounces. (See fig. 86.) 

624. Structure of the Spinal Cord. — The spinal cord 
consists of a sub-cylindrical mass or bundle of nerve 
fibres enclosing nerve vesicle, 

526. The arra/tvgentent of nerve fibre and veside differs 
fi*om that of the cerebral hemispheres, the nerve vesicle 
occupying the aads of the cord, the nerve fibre its 
exterior or cortical portion. 
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VThea the e^jul cord ia ent tium^li tnuwrerBely, 
il» amy "*''*« mbBct- preaente the form of two cmwn- 
fie tff half-moon shaped muaa {daoed together back 
" — to back — that ia, 

thur amvexitiei 
tnnied in, and 
their concavilia 
tamed oubaards. 

526. Each of 
these cresceutic 
masses has two 
eomua or bom!i, 
an anterior and 
podarior comu, 
which give off tu- 
bular nerve fibres 
which form the 
root* of the tpinal 
nerves. The two on- 
fertor roots give oB 
motor nerve fibres, 
the two potlerior 
comua give off sen- 
aofy nerve fibres. 
(See figs. 90, 91.) 

527. The fibrous 
portion of the 
spinal cord a 
made np of longi- 
ludiruU, trantverge, 
and oblu/ue nerve 
fibre. Some of 

ig. 90. Showing Human Brmn (lower these fibres eo dt- 

SSLaS™ °°°' "" ""^ '"• ^ «■= t~i°. 
othera first deoiu- 
eate, others again acting as eommUmral fibres unite 
the fibres from different parts of the body, or from 
difi'erent parts of the spimil cord. It is divided by 
two lon^tvdin^ fissures, the anterior median fissure 
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Mid tLe posterior median fiaanre, into two hUetdt halves, 
a right and a ^half. Each lateral half ia again divided 




rig. 01. Section of Spinal Cord. Showing grey and wliite l_ 
Anterior and Posterior Koota, Ganglia and Fi^anrei. 

into tJiree columna — anterior, middle, and posterior — ty 
the longitudinal /urrotea out of which the nerve fibres 
pass off on their way from the comua to fonn the roots 
of the spinal nerves, (See fig. 91.) 

529. MembrEmes of the Spinal Cord. — The spinal cord 
is retained in its place by the denticulate (toothed) 
ligament -which passes between the roots of the anterior 
and posterior spinal nerves, and attaches it to the dura 
mater by about twenty tooth-like processes. The dura 
mater forms a tough loose outer sheath around the cord, 
the pia mater closely invests it, the arachnoid (serous) 
membrane intervenes between the two. 

530. FonctionB of the Spinal Cord.—!. The spinal cord 
transmits the commands of the will directly from the 
brain to the voluntary muscles by the Tnotor nerve fibres 
it gives off in the spinal nerves. 2. It transmits senwr;^ 
impressions direct to the brain, where they excite con- 
Bciousness, or sensation. 3. It receives sensory impres- 
sions by the sensory nerves which it does no( transmit 
to the brain, but which, acting as a stimulus, cause it to 
Bend back motor impulses to the muscles which cause 
them to contract altogether independently of our con- 
sciousness, or of the brain. This constitutes reflex action. 
It is in this way that the various movements of digestion 
are carried on. 



230 ANIMAL PHYSIOLOGY. 

If a frog be decapilatedf and its feet or legs be irritated by tbe 
point of a needle or a drop of acid, it will kick violently, and 
will even in some cases, where one leg only is irritated, bring or 
try to bring its other leg to aid the first in its attempt to get rid 
of the cause of irritation. In this case the hraiii and meduUa 
being both removed, there can be no power of thought or con- 
sciousness left in the frog. These movements must therefore 
result from the re/?ca; action of the spinal cord. 

The spinal cord is thus an independent centre of 
nervous {reflex) action, in addition to being the medium 
by which the brain is brought into nervous connection 
with the rest of the body. This action is, as previously 
stated, due to its gray vesicular nerve-substance. 

531. Reflex, or Excito-Motor Action. — If the spine be 
broken or injured, all parts of the body below the injury 
become pa/ralysed (lose their power of sensation and 
voluntary movement). If a hot iron be applied to the 
feet in such a case, the legs will kick out violently, 
though the patient is quite unconscious of a sense of 
heat or pain, even tickling the feet will produce this 
effect. 

The sensory (afferent) nerve fibres conduct the 
stimulus (the irritation) to the spinal cord, which 
immediately, as it were, reflects it back by the efferent 
nerves, in the shape of motor impulses, to the legs, 
which therefore kick unconsciously. Coughing, sneezing^ 
winking when an object suddenly approaches the eye, 
infantile convulsions, tetanus (lock-jaw), the peristaltic 
movements of the stomach and intestines, are all so 
many cases of reflex action. 

When, from long practice, certain movements at first 
requiring great attention, as those required in playing 
the violin or the pianoforte, or in painting a portrait, can 
be executed so easily that the musician or artist can 
talk and think freely on other subjects while at work, 
a sort of artificial reflex action has been acquired by 
education. Such operations may also be regarded as 
instances of unconscious cerebration, 

532. The Spinal Nerves consist of the thirty-one pairs 
of nerves which pass off from the sides of the entire 
length of the spinal cord leaving the vertebral canal 
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by the intervertebral foramina (see sec. 67) on either 
side of the vertebral columiL 

Each spinal nerve arises by two roots, an anterior 
root, consisting of motor nerves, and a posterior root, 
consisting of sensory nerve fibres. The two roots on 
each side unite as they leave the spinal cord to form 
single trwaks, which shortly subdivide, giving off smaller 
branches, which ramify through the system. The 
posterior, afferent, or sensory roots have ganglia. (See 
figs. 90, 91.) 

533. Injury or Irritation of the Spinal Nerves.— If a 
trunk nerve be cut or injured just as it leaves the 
vertebral column, entire paralysis is produced, the 
power of sensation and motion being entirely lost to the 
parts to which the nerve is distributed. If the motor 
nerve only is cut partial paralysis, consisting in the loss 
of all power of motion is produced, sensation being 
retained. If a sensory root only is cut, the paralysis 
caused by the injury involves only the loss of the power 
of sensaiion of the parts to which its nerves are dis- 
tributed. 

If the end of k cut nerve trunk most remote from the 
spinal column be pinched, or irritated by an electric 
current from a galvanic battery, it will cause muscular 
contraction or convulsion of the parts in which the 
nerves from that trunk ultimately terminate; but if the 
nearer end to the spinal cord be pinched or irritated it 
will cause great pain. 

If the spinal cord were to be divided perpendicularly 
down its chief fissure by a knife, sensation would be 
destroyed all over the trunk and limbs. 

534. The Sympathetic Nerve System comprises — 
1. The pre-vertebral double chain of ganglia. 2. The 
isolated ganglia of the viscera, including the cardiac (see 
sec. 213), hypogastric and solar plexuses. 3. The gan- 
glia on the posterior roots of the sjnnal nerves. 

The pre-vertebral ganglia, which form the chief part of this sys- 
tem, consist of two parallel rows or chains of about thirty ganglia, 
situated on each side of the front of the spine. These double 
rows of ganglia unite together in a ganglion^ termed the ganglion 
impar, opposite the os sacrum. These ganglia are connected with 
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each other, alao with the ^nmal nerves, and with the isolated 
gangluk bj means of gehaimoH* and white nerve-fibre. Many of 
these mervt'jff>rei originate in the sympathetic system, others, 
donbtless, in the spinal cord. 

The ffrita toldr or epigofine flexns is situated in the abdomen 
bdiind the stmnach and immediately in front of the aorta and 
about the oodiac axis. 

The kypogoMric or pe!wic plexns is situated in the lower part of 
the abdomen, chiefly in front of the os sacrum and about the 
bladder and rectnm. It supplies the viscera of the pelvic cavity. 

535. The f9/mpathetic nerves largely influence the un- 
striped muscular fibres in the walls of the intestines and 
the blood-vessels, and thus regulate nutrition (see sec. 225). 
Their ganglia are also prol«ibly sources of r^ex action 
to these organs. Their motor nerves, as in the case of 
the heart (see sec 213), are, however, under the control 
or influence of the pneumogastric or other cerebral or 
spifial nerves. The sympathetic nerve system, most 
probably to a great extent, though not exclusively, 
presides over, influences, and co-ordinates the various 
processes of involuntary motion, of secretion, and of 
nutrition, including the circulatory, respiratory, and 
)>eristaltic movements of the heart, lungs, stomach, and 
iutcstincs. 
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HINTS FOR THE DISSECTION OF A RABBIT, AN OX 
OR A SHEEP'S EYE, A SHEEP'S BRAIN. 

To Dissect a Rabbit. 

Kill by chloroform, holding the head of the rabbit firmly in 
basin or gaily pot, containing a piece of rag well saturated with 
the chloroform ; dissect while warm before the adipose tissue (fat) 
hardens, and before rigor mortis sets in. 

Lay the dead rabbit on its back, and spread out its legs on a 
large flat board, as a drawing or a chopping board, and pin or 
nail them down to the board, so as to fix the animaJ securely in 
this position, which is in general the most convenient one for the 
purposes of dissection. The principal veins are best shewn if the 
jugular vein is first injected with coloured size. 

To remove the skin make an incision, in the skin only, at the 
top of the throat, cutting down along the middle line of the front 
of the body along the entire length of the chest and abdomen, 
taking great care not to cut below the skin — loosen the skin from 
its aUachment by connective tissue to the muscular layer (the 
panniculus) below, by means of the handle of the scalpel or a 
paper knife. (The Panniculus carnosus is a muscle peculiar to 
quadrupeds. ) 

Remove the panniculus, and a white tendinous line, the Linea 
Alba, formed by the aponeurosis of the abdominal muscles, will be 
exposed. 

To open the cavity of the abdomen, make a longitudinal cut with 
the scissors from the lower end of the sterjium to the pelvis, 
through the aponeuroses of the abdominal muscles (the white line), 
taking care not to cut through into the smooth membrane (the 
peritoneum) below — make two lateral incisions with the scissors 
from the edge of the sternum, one on each side, along the line of 
the lower ribs, care being taken not to pierce or cut any of the 
adjacent organs or membranes — reflect back the two flaps of skin 
thus formed. The glistening transparent membrane below, 
through which the stomach, liver, and intestines may be seen, is 
the peritoneum. Remove the layer of peritoneum in front, insert 
the handle of the scalpel, or some other thin blunt instrument, 
between the liver and tne diaphragm, and press the former gently 
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down, the xvali or ooncaTity of the diaphragm will now he seed, 
throi4;h the transparent sabstance of which the distended longs 
filling the cavity of the chest and pushing against the diaphragm, 
may oe oheerred. If the dij^hraCTi be pnnctnred, a noise fit>m 
the inmdi of air into the cheat wOl be observed, simultaneoasly 
the longs will begin to contract from the external pressure of the 
air, so that they will no longer fill the entire cavity of the chest. 
The gmaU iHUstines may now be gently raised, when the mode in 
which they are bound toother and attached to the spine by the 
m^9eniery will be seen. The aorta, vena cava, hepatic artery and 
veins, bile duct, gall bladder, the phrenic nerve, and the sospen- 
sory ligament of the liver shoold also be observed. 

To remove the stomack, inteatines, pancreas, and spleen, tie a 
piece of strong silk or thread tightly round the duodenum just 
above the stomach, so as to close the tube, and thus form a close 
ligature, tie a second thread round the duodenum three-eighths of 
an inch above the former, thus forming a double ligature; proceed 
in a similar manner with the rectum, at about one inch from its 
termination — now make two cuts with the scissors, one between 
each of the double ligatores — the whole may now be removed (on 
cotting the varioos vessels and other connections by which they 
are reteined in their place) for forther special examination. The 
stomach, and the large and small intestines, may thus be removed 
so as to retain their contents for examination. On the removal 
of these organs, the position of the kidneys with their smooth 
shining sor£tces, at the back of the abdominal cavity and ootside 
the peritoneom, also their connection with the bladder by means 
of the oreters, will be observed. 

To examine the stomach and the structure of its several coats, 
pin it to a large loaded cork or a piece of wood (previously loaded 
with lead), and examine it under water, making door-way or 
window-shaped incisions in its side so as to permit of its interior 
being seen as much as possible in its natural position. 

To examine the thorax extend the incision already made, across 
the throat (taking care not to sever the trachea and blood-vessels), 
and torn the skin back on to the upper limbs, dissect away the 
external muscles (pectorals) of the chest—the intercostal muscles 
(between the ribs) wUl now be exposed. Clean away the fat and 
carefully separate the front of the diaphragm, by means of the 
scissors, from the stemom and ribs — ^make two cots, also with a 
strong pair of scissors, throogh the jonctions of the ribs and costal 
cartilages, then dislocate and poll the stemom back on tathe face, 
so as to expose the heart, longs, and contents of the chest. The 
pleurae or seroos bags enclosmg the longs and lining the chest, 
also the pericardium, the bag enclosing the heart should be 
opened and examined. The student should also examine the 
blood-vessels at the root of the heart and lungs, and the air-tubes 
going to the latter. The heart and lungs may be removed for 
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examination by cutting through their roots, care being taken to 
make the incisions as lar from the organs as possible. 

To Dissect a Sheep or an Ox's Eye. 

Dissect off the muscles and the fat, and fix the eye as follows : 
— Fill a saucer half full of a semi-solid or nearly solid mixture of 
about equal quantities of solid paraffin (the paraffin of candles) 
and paraffin oil; press the eyeball, the pupil being placed up- 
wards, half its depth into the mixture, and place the whole under 
water contained in a pie dish or any suitable vessel ; or, pin the 
eyeball to a loaded cork placed under water so as just to cover 
the eye. 

To remove the front half of the sclerotic coaty including the 
cornea, make a small nick in the middle of this coat only, about 
midway between the pupil and the optic nerve, by pinching up a 
fold between the fingers, and dividing it with a pair of blunt- 
pointed scissors — then iniroduce the end of a blow-pipe, and blow 
gently into it, so as to break down its delicate fragile connections 
with the choroid coat. The upper half of the sclerotic coat may 
now be removed by raising its sides gently, and pushing with the 
handle of the scalpel, genuy against it at its connections with the 
iris. The rest of the eye may now be readily dissected away and 
examined separately. The coats should be separated and ex- 
amined under water. A series of eyes may be fixed as described 
in various positions in order to get different sections of them. 
The eyes may also, if it be desired, be first hardened by immer- 
sion in alcohol (methylated spirits of wine is cheapest), or in a 
dUute solution of chromic acid — in the latter case a small nick 
should be made in the outer coat to allow the acid to enter more 
readily. A good sharp long-bladed penknife may be used in place 
of a scalpel. 

To Dissect a Sheep's Brain. 

To remove the brainy saw horizontally all round the top of the 
skull in a line from the middle or top of the occipital condyles to 
the frontal ridge in front of the top of the orbits. Take care not 
to saw quite through the bones—carefully wedge o])en by means 
of a screw-driver. Before attempting to remove the brain, ex- 
amine the various exits of the cranial nerves, also the membranes 
of the brain and the medulla oblongata, and sever the connections 
where necessary. 

Having removed the brain, immerse for a week or more in 
strong aksohol, by means of which it is hardened, so that smooth 
sections shewing the internal structure may be cut in various 
directions after having well observed its external configuration, 
fissures, convolutions, commissures, &c. 



AsDinosAL Dua&AM. See Sections 259, 363. 
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Examination Papers set by the Department of Science 
and Art at the May Examinations, 1870, 1871, 
1872, and 1873. 



SUBJECT XIV. — ANIMAL PHYSIOLOGY. 
Examiner- TROTEason HUXLEY, LLD., F.R.S. 



General Instruc?tions. 

If the rules are not attended to, the paper will be cancelled. 

You are permitted to answer questions from the elementary 
paper or from the advanced paper, out not from both. 

In all cases the number of the question must be placed before 
the answer on the worked paper. 

Three hours are allowed. 

First Stage, or Elementary Examination. 

Instructions. 

Yoa are permitted to attempt only eigJU questions. 

You must attempt the first four questions on the paper. The 
remaining four you may select from anjr part of the paper ; but a 
full and correct answer to an easy question will in all cases secure 
a larger number of marks than an incomplete or inexact answer 
to a more difficult one. 

The value attached to each question is shewn in brackets afler 
the question. 

Elementary Stage. — 1870. 

1. Describe the circulation of the blood. (IC. ) 

2. When a piece of bread is eaten, what changes does it 
nnder^oin the mouth and the stomach ? (16. ) 

3. When a man stands up, by what means is his body kept in 
that position ? (16.) 

4. What is the pupil of the eye ? When does it become larger 
and when smaller? and how is the change in its size brought 
about? (16.) 

5. What is the number of the teeth, and of what substances 
are tihey composed ? (9. ) 

6. What IS the pulse,, and why is there usually no pulse in the 
veins ? (9.) 

7. What changes does the blood undergo in passing through 
the lungs? (9.) 

8. How is the blood brought to th^ Uyer, and how carried 
away from it? (9.) 
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tV Whcr« is the sonso of touch most delicate, and how can its 

iVUcncy Ih> rtui^jhly measured? (9.) 

liK u hat is sweat, and how is it excreted? (9.) 

U. \Vht«it> is the medulla oblongata, and what are its most 

im|H\riaut Aiuotious ? (6.) 

l^ lKN»cribo the minute structure of muscle? (9.) 



1871. 

1. \Vhcu> ai\> oaialhuics found? What is their structure, and 
t\f what u»^ ai^ thoy ? (16.) 

^ iU\^> an aiHxnmt of the structure of any hinge-joint in the 
human IkhU\ and ox^Utun its action. (16.) 

3. What is tho nature of the gastric juice ? On what parts of 
lh«(\HHUUH4ita^>t? (16.) 

4n What is lutNUit hy inspiration and expiration? How are 
thi»Y h«xnv)ih t alH>ut ? (16.) 

\ WhAt wa»to matters leave the body by the skin, what by 
thi> kUluoys, Mul what by the lungs? (9.) 

iV In what rt>»[H>ct does the idt half of the heart differ from 
th^^r^ht? [M) 

i« What i« a rotWx action ? Give examples of reflex actions. (9.) 

S, Wht'rt^ is i\w lule formed? What oecomes of it, and what 
ait>\Uu»^? (\K) 

\\ What \vMti of the retina is insensible to light? How can 
you (vrxAt* that it is so ? (9. ) 

UK What is tlio nature of the corpuscles of the blood? What 
a^*^ thi^ir untm? (9.) 

IL i}t what uso arc^ the valves in the veins? How can you 
iUu»imt«« ihf^ir u»« on the living body ? (9.) 

\^2s What art) tendons? Of what use are they ? (9.) 



1872. 

1« Whore are th<» mitral and tricuspid valves placed? What 
is tht'ir structure ? Kxplain their action. (16.) 

2% How is it that tlto temperature of the human body is about 
tho same on the hottest day m summer and on the coldest day in 
wintx^r? What is that temperature? (16.) 

CI What is the structure of the diaphragm ? What share does 
it take in tlie act of breathinst ^ (1^ ) 

4. Wliat kind of actions is the spmal cord capable of perform- 
ing in the absence of the brain ? Give examples. (16. ) 

5. What is seen when any long bone, eadti as the femur, is 
sawn in the middle lengthwavs? How does the stmetuie of the 
two ends diSiar from that of tne middla and why t (9.) 

6. What is the crystalline lena? What ia ite iiaet When is 
its shape altered, and why ? (9.) 
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7. What changes take place in blood shed into a basin from a 
living animal? (9.) 

8. Describe what is seen when the web of a frog's foot is 
observed under the microscope. (9.) 

9. How does the circulation in tiie kidney differ from that in 
a muscle ? What is the use of the peculiar arrangement of the 
blood-vessels in the former. (9. ) 

10. How do the air-tubes end in the lungs? What happens 
when the air in the lungs cannot be renewed ? (9. ) 

11. Why does a man &11 down when he fiaints or is stunned ? (9. ) 

12. By what means does the fat t^en as food enter the blood? 
What changes does it undergo to enable it to do so ? (9.) 



1873. 

.1. Where is the stomach situated? By what passage does food 
enter the stomach? By what passage does food leave the 
stomach? What is the gastric juice ? (16.) 

2. What is a gland? Mention any two different glands and 
say where they are placed. (16. ) 

3. What is a muscle? How does a muscle cause one part of 
the body to move upon another ? (16. ) 

4. Where are the lungs situated? What kind of blood is 
brought to them from the heart? What kind of vessel brings the 
blood to them ? What is it called, and from what part of the 
heart does it arise ? (16. ) 

5. What is to be seen in a drop of blood when it is examined 
under the microscope ? (9.) 

6. What do fresh nerve and tendon look liko ? How would 
yon tell one from the other ? (9. ) 

7. How many teeth has a child four years old ? How many 
has an adult man ? Mention the number of each of the different 
kinds of teeth in each case ? (9.) 

8. Where is the iris situated? What is its form? What 
happens to it when we pass from a dark room into a bright light, 
and from a bright light into a dark room? (9. ) 

9. What is a vertebra? What is its general structure? How 
many kinds of vertebra) are there? How are the " dorsal '' verte- 
bra joined together ? (9. ) 

10. Why is a meal of bread, meat, and potatoes, better than 
one of bread alone, or meat alone, or potatoes alone? 

11. Explain as folly as you can what takes place when a person 
faints. (9.) {See Oiossary,) 

12. In what direction do the walls and the floor of the cavity 
of the chest move, when we draw a deep breath? Why do we 
draw a deep breath when we step into cold water? (9.) 
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GLOSSAEY. 



Alnormal, Out of the OBual course 
^ of nature— irregular. 

Acinit The small duster-of-grape- 
like structures of Baceniose glands, 
well seen in the Saliyary glands. 

Afferent, Conveying from the ex- 
^ terior to an interior centre. 

Aliment, Food, any substance cap- 
able of being converted by digestion 
into bloodf or of nourishing the 
body. 

Alimentation, The various pro- 
cesses of d^estion by which food 
is converted into nutriment. 

Antiseptic, Opposing or counter- 
acting putrefaction. 

Anastomose, See Inosculate. 

Aponeurosis, The pearly - white, 
glistening, fibrous membrane, 
which forms the tendinotts tor- 
mina of certain muscles, especially 
those of the abdomen. 

Azotised, containing ni^ro^^n. 

Eifarcate, To divide (fork-like) 
into two branches. 

Blastema, The formative matter of 
the blood and tissues ; the proto- 
plasmic portioii of the liquor 
sanguinis by which the tissues are 
built up or repaired. 

Bncoali Belonging to the cheek. 

Calcium, The metal which, in com- 
bination with oxygen^ forms the 
earth termed lime. 

Calcified, Hardened by the deposi- 
tion of lime or its compounds. 

Cancellated, Lattice worked; con- 
sisting of minute cross-bars. 

Cerebro - spinal system. That 
portion of the animal economy 
which comprises the brain, spinal 
cord, and ue cerebral and spinal 
nerves. 

Cervical, Belonging to the neck. 

Cineritious, Having the colour or 
consistence of asJus. 

Calyciform, Shaped like the flower- 
cup or calyx of a flower, applied to 
certain papillee of the toogue. 



Ciroumvallate, Consisting of a 
central prominence surrounded by 
a trench-like fissure, applied to cer- 
tain papiUes of the tongue. 

Centripetal, Tending towards the 
centre. 

Centrifugal, Tending away ftrom 
the centre. 

Cogpiate, Connected or related in 
origin. 

Coma, Insensibility, lethargy, pro- 
found stupor. 

Congestion. An excessive accumu- 
lation of blood in the minute 
arteries and capillaries of an 
organ : it in general arises from the 
fiaccid condition of the walls of the 
minute arteries due to the want of 
tonicity of their muscular fibre 
(see Vaso-motor nerves). 

Corns, A growth of thickened cuticle^ 
or thickened layer of epidermio 
cells; caused in general by the 
irritation of intermittent pressure 
over projecting bones. 

Corpuscle, A microscopic body or 
particle ; in physiologv this term 
is in general restricted to ^edis- 
coidal and spheroidal bodies which 
fioat in the liquor sanguinis and 
the lymph. 

Correlation, The relation of mutual 
dependence of the one on the 
other, BO that each shall be able 
to produce the other, either di- 
recUy or through the medium of 
some other agezit, as in the cor- 
relation of Light, Heat, MagneUsm, 
and Electricity. 

Cribriform, Perforated like a sieve. 

Cutaneous, Belatlng to the skln."^ 

Decussate. To intersect or cross 
over X like. 

Diastole, The expansion or dilata- 
tion of the camia of the auriclea 
and ventricles of the heart and 
arteries on the entrance of the 
blood. 

Differentiate. To develop from the 
same substance into new tissues 



or organs. 
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2i3 OLO 

Eflorent, CotiTSf tug from Ito centre 
Eliminate, To eipol or ihrow OQt. 
EpiUlBliam, The iBisr or nncleited 

EzoremeatitioTia, EelonginK to 
the ev&CTiaLioQS, more eapeelHlJy 
those of the bowels or Imeallafle. 

EztrftVoute, To SBoapo from the 

Extra - TasonUr, A descrMJie 
t6no nsnBlly appHed 10 tboge 
etTDctDrea, u Ois b&lr, ntils, and 

Fscn, EicrenioDi{ the eTBcoBlloiiB 
from the rectmn, coDHletiiuccJllefiT 
otnodlgesteafood. 

FaniiMWIii, ConslatbiB of, or he- 
longing to meU or floui ; Btarcby. 

FUiform. HHTing the Ghape or a 

Fainting', Ineenslbility prndnced by 
of the nottrt, e&aeed Ibroogh 






mpanied 



Foramen, a hole or openinit in any 

nnm La tbe vxitilal bone tbroofih 
nhkch the bpIcbT cord p&aaea out or 

Fcmt-paund, The quantH}/ at me- 

one pound one /wTh!^ 
Fntiform, spiudla-BhAped. 

Ganglion, A knot -like muB or 
nerve tLsaue, or a knoE-like expaji- 

Olnten, oi Vegetabls fibrin, la 

wh^h^ lett wben a'amallqusatl^ 
cr Hbealen flour la wrapped op in 
tbe torm of a ball in a doablfr-Iold 
ot tSD9 paJIco, and knctideil ondn 



the presence of alarcli. 



buLba {hair-pap^gft contain) 

Eacb complete batr conta 
jAi^ a conical point and a 



<(A aipuiBli 
and tmirrfKt, ^^ », 
balr-bDlb or napilla. 
The •ha/i ™-— 
portion (an ei~.„ .„„ 
eaced epidermlo oellak 



tba aDiface ot tlia 
la of a f ortfajl 






nudvliary or intemai i 
Halitoi Vapour, b: 
Infondlbnlam. a rnnnel-abiped 
Inoaenlate (Anaitomoie), To 

blood-TBBselB at tbg ba^ of the 
Invertebrate, Having no apinal 

Lamella (LamiiU), a ihln piece, 
lajer, or plate of bone or other euUd 

Linea All^ The tUn wliiia lendi- 



other BDbatatice. 

HedlMtinnin, The apace In tba 
middle or thathcru oonlalnsd b»- 

U ednllary, Fenalning to, or resem- 
bling marrow or pllh, tither in 
chancier or poaillon, 

Uotoi, A mOYOr applied (o ths 
narvea which conwy the fwmo.i 
ImpnIiH that eicite tlie mniclea 



Ubodiis Kembranea, The mem- 

auf teciete & traoBptireat TlBdd 
Kails, The linitaaled bofllae which 



ho_Biigep. Tbejcoi 






from their td^|ft. 
Nacleoli, TLe Krannleq eomeUmes 

HooleHB, The amaU oval or ronrrt. 
solid or hollow (feflcnlar) Imdj 



ngliK or reining 
ir hind part of t 



ing moat oT Ibe IKMly- 
PlTBUcliyn)*, The pecullir t* 



7<riataltlo (VBTmionlar ) A tem 
appllod to Ihe midnlattog, worm 
hte. contraoUlo moTsmoni. t, 
which the food la propalle^. i 

Plexm, A nd-mjr* ot leaasla ur ■ 

PreoipitatB, To aepants or ttrow 

flS^wde?. ^a^alljtrom 'hu 

liqnld in wBicH it wis Miol'U 

Fnluonary, Kelatlng or beloaguig 



EacemoBB, Armogod like clnele™ 

aadiole, The dhnlnnlive of mdlcnl, 
a. root, amHed to Ihe piiir.iUn 

Eajnifj, To divide or apread out in 

Eefloot, In anatomy, to Inro or fold 

"SibBjBI AcUon, The nerToua ncllon 

eplnal cord coaTSrls so ^rrmt 
imprea^n into an tfftrtni im- 

Eefraot, To hend the nyn of light 
bj cauaing them to pass nbllqudf 
from one tnuu puenl bod; thiougta 

fraction, The procoaa ot itjidins 
Iha rija 0( light, »a when Iher paaa 
Ihrough Icnaea or "i'^^^||™ 
they paaa oWijudu from one lians- 
parenl body Into another. 
Ehythm, llaianred or prapoiHoned 

ahyttm of Heart, The meaiareii 
iBl, ol^» moyemcnt'produQlng a 
Icsgiih dull Bound 1 ind, a iSorl 
itarp lonnd; ard, a. piuea, after 

Eoots of Spinal Nerves, The 

(poalerlor) brancboa which paaa 
ot eSiCb lalersil halt of the Hplnal 
cord, and which form the Irimf 

T lolls, as rolla ot 



BoDleaiLi, FUee 
BarcouB, Beiatii 



Bapifl, Having a usto. 
SBTOlin, A P«it^ /""f '^' 
Seroiu Membrutei, The tnt 
brines which line the cloaod at 



Hn»u Huld. 
>MTat*4, Twthsd like Uia sd«a ol 

tboiUit poiilUa OBOiM af the 

blood In Ihs cuuTH taken br the 

1b(i bHkTtby 1heivr.'auidf<n'oiary 
nrlT^ry, Buil relurDS to the rig/a 



ciiluurwl riya jiwl. orume, yi 
dnwii. blue. ludigD. uul i 

ClIiip<kI bj peulnff a u 
m (it llihl lhrou«h ■ prln 
It^tdlU HbmI*, a muHfa 

^vr of the lympuiiuiit ud (he 
uiher l» the arbkuliu- bonei 
r»ui nwUim Ufbleiu tb« memt]. 



Mthemliyurihaohmdlliiee .. 
pilnuulik but doei ao\ mtv^iij 
liun th* luDfi! II oauilr'- -' 



Tauioa, Tlw a^Saem or ft tiodje 
thRdiwTH tflwhidilllsstnlched 
wUch ft bodT u ei 



lidU fclr, The ftir wUch lanTn Ih» 
lungt ftDd !■ noavred during w- 
dlnftr; raeplrfttloiL 

tilin*. The Hintauarj •malan ol 
ftn orgfts or pan or the body. 

TraldtT, The Drop«rtj Dt pinlTB 






■t*t))tM«pi. A (vIlodrlMl 

CI ehftpiHl luUnimeni, aoUd or 
(111*. WHftlljr Ot WuiMl, Ul*d (Oh 

■ ■ ' muivli from ihe lusga. 
<rUir ot the thonx, vk^ 



nuxln 111 bi^liltnit-up ot thaortkolc 

taUMtivt, A trnn applied to md- 
Miluni eivlird ir<tAiiiit the ftgaoov 
nr unr M-lcmoI ebjeot, fta " rlnglui 

GTltolB, The nnrrarHat or thr> 

DB UltMraMM ot lh« blood. 



'^r.w.i 



butsd, Splnl or twisted, top- 

TJtoIb, Ths Ileih; corUln irhleh 
btngi down al the bftck glftpediui 
- lucle or the mODtb trom Ihe bor- 
BTotthesonpftiaie. 

Tuenlftr, or or beiongtnc lo nut'f, 

conBliUiig otvruilt. 
VMoaltT ijitem, Ihftt put ot ihe 



^lulea. 

Tarte1vtit«, HsTbig a Tatiebnl or 
iploal cDlamD. orhack'baiw. 

TiloeM, The coniania or ihs ab- 
domen ftnd thotfti; tfaa ornnt 
cosCaloed in the gnu camai 

Tlietd, OluUnona, atlaky. 
Viicu, OnaoltheTlieen. 
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ilT.A— The nimil}er8 refer to the respectiye SEcnoNS. 



Abdomen, 34, 87. 

Abdaction and Adduction, 417, 50i. 

Absorbents, 2, 24, 44. 

Absorbent System, 341. 

Absorption, by the Skin, 396; hands, 
163. 

Acetahnlum, 68, 81. 

Acromion, 71. 

Adam's Apple, 443, 446. 

Adipose Tissae, 135. 

Admixture of Food, economical, 339. 

Adjustment of the Eye, 602. 

Air, cells, 2-30-251; composition of, 
254; complemental, 280; expired and 
inspired, 254, 255; in the lungs, 282; 
pressure of, in the lungs, 243; sta- 
tionary and tidal, 104; tubes, 245- 
249; residual, 278; tidal or breathing. 
279; supplemental 281. 

Albumen, 105, 106. 

Albinoes, 486. 

Alcohol, 103, 119. 

Alimentanr canal, 293. 

Alimentation, 292. 

Ammonia, 95. 

Amoeba, 168. 

Ampullae, 471. 

Amyloids, 115, 116. 

Analysis of animal body, 88. 

Anatomy, 121 

Animal heat, 92, 93, 257; generated, 
287, 288; regulated, 289, 391. 

Animal mechanics, 413, 439. 

Aorta, 194, 214, 217. 

Antagonistic muscles, 436. 

Appendix, Pages 232-238. 

Aqueous humour, 488; vapour, 23. 

Arachnoid membrane, 511, 529. 

Areolar, i^lular, or connectiye tissue, 

132. 
Arms and hands, 73. 
Arteries, 152, 214-216. 

„ structure of, 219-224. 
Arterial blood, 153, 162, 289. 



Arterial system of man, 214. 

Artery, carotid, 217; coronary, 217; 
femoral, 214, 216; hepatic, 376; pul- 
monary, 196, 

Articulations, 422. 

Articular cartilages, 420. 

Artificial digestion, 321; respiration, 
283. 

Arytenoid cartilages, 448. 

Asphyxia, 28, 284, 285. 

Astragalus, 81, 84, and fig. 20. 

Atlas, 59, 432, and axis, 427. 

Auditory canal, 468, 469, 476. 

nerve, 467, 468, 474, 476, 519. 

Auricles, 194, 195 

Auriculo - ventricular openings and 
valves, 194. 

Axis and Atlas, 66, 427. 

Axis-cylinder, 146, 147. 

Axis, the optic, 493, 495, 498. 

B 

Ball and socket joints, 74, 423. 

Basement membrane, 316, 317. 

Biceps muscle, 417, 484. 

Bicuspid teeth, SOL 

Bile, 877. 

BiUn,377. 

Biology, 123. 

Bladder, 401, 409. 

Blastema, 114. 

Blind spot of the retina (optic pore), 
493. 494. 

Blood, 152; affected by contact with 
matter. 183, 184; arterial and venous, 
153, 162, 239; buffy coat of, 18./; 
changes in, during respiration, 239 ; 
coagulation of the, 173-175, 179; 
cause of coagulation, 180-182; com- 
position of the, 156 ; corpuscles of 
the, 154, 156, 157-161, 167; cupped ap- 
pearance of, 186; source of loss and 
gain to the, 189; stains, detection 
of, 163; heavier than water, 153; 

Iiurest in body, 407; transfusion of, 
66; gases hi, 187. 
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Bkod-TMsels. 44: fmietiofDS of. I'^ci. 

Blow OQ the head, effects of a, 4S6. 

Bhishintr.S32.S33. 

Bone. 49-^x composition of, 5L 

Bones, the, 4S: cl*59ificaticn of; 55; 
difi^ion and growth of, 56. 

Bony UbyrinU). 46S. 

Brain. S3c gn> wirp, 6-": description of 
M4; waste of, 41; •: scat of sensation, 
476. 4TJ>, 513; to dissect, see Ap- 

Bread. 3ro. 

Breast-bone (stcmrm). fJl 

Bright spot of Scnunerirg (Mnccla 

lutea). 4Jk5. 
Bronchi. 245. 247. 
Bronchial tnhe«. 24.\ 21?. 
Bronchitis, S72. iNJ. 
Baccal glands. 2f'T. na#. 
Brrnnors g'snds. SiS. 
haSj coat, ISo. 

C 

CjccTTf, ssa 

Calcis Os, 84; and f»g. M. 

Camera obscnra. 4^ 

Canals of the ear, 470, and fig. 83. 

Canalicoli, 137. 

Cancellated bone, 62, 137. 

Canine teeth, 301. 

Capillaries, 5, 152: chief agents of 

nutrition, 340; minnte description 

of, 226: of lungs, 226; portal, U74. 
Carbon, 97. 
Carbonate of lime, 51. 
Carbonic acid, 22. 23, 91, 97; excretion 

of. i>2, 2r»s. 2W-257: source of, 267. 
Cardiac aperture, o!4. 
Carnca; columnsp, 197, lOS. 
Carpal bones, 73, 77. 
Cartilage, 52, 112; structure of, 1^6. 
Cartilages. 4v<i: costal, 2'.P: articular, 

4-20: of the larynx, 44, 449. 
Casein, 105, 109. 
Catarrh (common cold), £C4. 
Cell-wall, S63. 
CeUs, biliary (Uver), 3C8. 
Cholera, 234. 
Chondrin, 105, 112. 
Cerebellum, 517; flgs. 1 and SO. 
Cerebral nerves. 519. 
Cerebration, tmconscious, 531. 
Cerebro- spinal axis, 149. 
Cerebrum, 515, 516. 
Change and waste, 16. 
Changes, in respired air, 255. 

1. in the blood, 239, 
Chest (thorax), 35, 36, 09, 2o9. 
ChDlesterine, 377. 
Chordae tendinem, 197, 198, 203. 
Chords, the vocaL 450-452. 
Choroid coat, 486. 
Chyle, 344, 349. 

ChyliJ!cat!on(iuteBtinal digc-tioc), ^24. 



(Thymification, 819. 

Cilia, 131, 252; moyements of, 413. 

Ciliaiy ligament, 486; muscle and 
processes, 503, and fig. 86. 

Circulation, 190, 191; evidence of in 
the living body, 236: in the kid- 
neys, 406; liver, 191, 374. 

Circuminduction, 423. 

Cistern of the chyle (receptaculnm 
chyli), 3*3. 

Clavicle, 72. 

Clot (crassamentcm or cmor), 173. 

Clothing, 291 

Coagulation, 173-179; cause of, 180-182; 
accelerated and retarded by, 184. 

Coats, of stomach, 316; of the arteriei, 
219-224; of the eye, 484^486, 49L 

Coccyx, 68. 

Cochlea, 474; functions of, 475. 

Coeliac axis, 218. 

Cold and warm-blooded animals, 291. 

Colon, 33L 

Colour, sensition, and theory of, 473, 
479; blindness, 481. 

Colours, complementary, 480. 

Columns cameae, 197. 

Compass test, 399, 400. 

Combination of actions, 440, 517. 

Complemental air, 280. 

Concha, fig. 83. 

Condyles, 56, 74. 

Conation, 234. 

Conjxmctiva, 508. 

Connective (areolar or cellular tissue), 
132. 

Consdonsneea, 513. 

Consonants and vowels, how pro- 
nounced, 456, 457. 

ContractiUty, 14L 

Control over the heart, 535. 

Convolutions of brain, 33, 515. 

Cooking, 337. 

Coracoid process, 7L 

Cornea, 485. 

Coronary arteries and veins, 217. 

Corpora Arantii, 207 ; quadrigemina, 
and striata, 514. 

Corpus callosiim, 514. 

Corpuscles of human blood, 154-161; 
164, 167-170; lymph, 348. 

Corpuscles ganglionic, 150; Tactile 
and Pacinian, 898. 

Corti, fibres of, 474, 476. 

Costas or ribs, 70. 

Course of blood through heart, 201, 
202; air in breathing, 244: food, 294, 
295; motor impulses, 529, 5.11 ; sen- 
sory impressions, 529, 531. 

Crassamentiun, 173. 

Costal (pectond) respiration, 2C3. 

Coughing, 272. 

Craniion, 33, 60. 

Cranial (cerebral) nerves, 513L 

Cribriform plate, 463. 

CriCwid cartilage, 417. 



■ Uld langhiog, 27 
dermis or tme Bk 



Moo (awaUowlng), 3M-31L 

19,139. 

yshiro necfe," orgolt™, 411, 

9 (cutis). 390, 

™mt (origin) of tlood cor- 


Eyetall. thB immODra o 


iv"" 


■agm (mldriO), SOI, SOS. 
on or iiqnlda irnfl gueg. ID I. 


ES'.V "' 





I nbe tiiAoi? Dl bodr, a. 
ng, (MCar,naviwrfoTnie 
(^nmninn] of tlio lur. 4 



bn^^l;pi 






mpb and perllyiuplL, 47L 
mla (cuticle or Bcirt Blcla), 11 



XIa, sua. 309. 414. 

deMiipUon or, 4t 
IUlceUB,fi7.2S2. 



2*7 
8; nlie, l», 



EiclMbllliy, Irritability, U 



of and chBngaa In, hi. WH; daflnl- 
Uon of, iSh daUrquantlt; rsqniroa, 
33Si dlgeBtlbllltj ol, 337; the essea' 
liiil, 333; inraeml. m, plnalio, M: 

rppplmlory, 9?, llfl.lMi ntuffs, lio* 



Fopt ths. SO, ^1, M. Bad fig. it 
FriKhi,' ali. 



OtuiKlte, 141 

paSietLn,!-. 
GuullotilccorwiaclOB, lib. 
GuCriBJiiles, m; imclea or tabnll, 



.uuu. luH n mm, US. 

Olaaida, UO^ 891; c1iu»UatIaii ol, SS 
■«not>raot,S»-3SI. 



Panr^ tSti nusntoH,' 
■nbUngoBl, ami! Eab-mi 



Olemdd DtTl^, 71 ; ligus 
CHinon'B c»pni]e. Mt. 
akHndULiaTilc^iai. 
Glomer^t,43B. 
CI-kiHOptaaniinal nerrs, 
oUn, tan. see eHMart. 

QnooH, sm. 
GiTcoaholIc ud^ SJ7^ 
Gljcogm 3M, 318. 



Hamnoglobln. ICI.' 
H.iTH, see OUamy. 
Hair rollicles. 391). 
Hud. 7S. 78, 7ft. 
E&TerdBO camila, 137. 

Beuuic ud orgoni of hearing, 407^ 

4T6; modnB operandi ol, 4TS, 
Mtmrt, 1H, «Wi b«tlng of lbs, «Wi 

(SIT; asim of, lis; HimdB. 310: 
■tmHimtin : ecana dI blood 
ftaranab. Ml, Wi contnil Drer. 119, 

Bntlhs BcnlMin of, 17, 11 ; fonnen, 
11^1 iLtBi^sSB^ni) regnlatlon. »: 
hBAtfonnlDir (nninturr) food, 335. 

Hepatic srterT, KSi (portal) olrcula- 
llomlSI,3;4; dDi;tB,Se^/3;<ialDe. 



HoiTsanSH^ 451 

H^^^ody! dlililOQS of.31; BKtlon 
or. 44; atractore and tuncDoiiB of, 
32-40; waau and renewal ot 3^; 
work and waste, 24; doubia lobe, 
(taeory ot, 49, 4«. 

Hmnoors at (be em 433; aqueon^ 
4B8 ; cryBUllhw, iSi ; vltreonB, 4M. 
Honger and Ihlrai, M. 
Hydrogen. 92. 
Byold (tongue) bone, SS, 41S. 



ICEO-CSWI. ™!™, 327. 
IliaoBrterfea, !tS.n7. 
Illuia.ee.fiic. 1!. 

4lfri'8S.4M. 
Immortality, 3. 

Incne. 4^ .468. 479. 
latMCT, iha bones in, (13. 

iQblbltory IndueDoa of pneu 



liritabllilT (eioltablll 
IsLngloBB (gelatiDB), 11 



Joints, 13«. 422i ball ajid BOcket. H 
423 1 binge, 424, 4!S ■, piiob 426-1^ 
Jcdce, eunic, 318; pancreaDe, 3S4. 



EsRiiTiB, Id;, 113. 

Kidneys. 401-407; < 
or. 4(0, 405; mei 
BhBpe and ja^U 



illary. 403. 4 
ipued, 393; 1 




H>1pigbt*ii cnnnle. 40S. 4Mi t 

Ml maial&.4m, lot. 
VaouiwiA, blood mrmuieiaa of, V 
Ifmn, tTectpa^tlOQ < 39, M, ise. 



Mschanlcs, BnlmaJ, ID. 413 
Uodnlto, or mamv, tt. 



Htmbnuia trntAul, W-Wt. 

UBmbruiBH, Inveatliiff. 4B ; i 
49; ot tTiin, Bll; of >pliu 
£20; HronA, 4A, 421: ayuoTU 

Uembruiotukbjrlnlb, 471, 47 



Hauianai, i»« ag. vt. 
Uloro-nHtroacope, itit- 
WnerucoinpoiiEidi, ICr',- lot 
Uim niTe, IM, «M, iOt, SQ 
Mixed dial, idtimtcge o( t, . 



com mBmbraiM, M, 43, 
L'<cle^ 4lf; BoUd, US; ot 



Of eya-baH, 
3brm ol rno 

ilriatEd,llii 



pharyagBiil, iis; molorMidBei 
91^ oltBOIory, 4S4, iU, M9( se 

Nana DIiVb. prlmitlVB. 146. 



Neor»l hib«, 1M7. 
Meorlteiiima, 1(7. 
Henrilllf (ncdUbUItT), 4S. 

KltrogoD, 94, lOCh BMmiJon, 
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OlUeiorj ebunber, 4C5. 
D«rTM, 4M, 4691 

Optic ftzis, 493, 48ft. 

„ oerre, 478. 482, 4»1 

„ tbftluai, 614. 
Orjran, M. 12L 
Oi7(AnIzed body, 131. 
Oncino^rena, 90. 
OrticnlAriB xnascle, 41ft. 

,, palpebrmraxn, 416, 517. 
iris, 415 
On?anlc (Iii^olontaiy) moscalftr fi!»«, 

Origin uid Insertion (^ muscle, 413i 
f 'fimofiiii, 103. 
Otocrmia, 472. 
OuAUhf (octoconia). 472. 
OzidAtion or coznbuBtion, 91, 337, 2^, 
237. 
,, probable csnM of smell, 464. 
„ cause of sensation and 
thonirht. ftl2. 
Oxygen, Ifi, 21, lOO, lfi3. 

part played by, in liring body, 

237. 
carriers, 257. 
Ga3, properties of, 91. 

iDJestionof, a condition 

of life, 27, 28. 
in feeble cbemical tmion 
with the blood, 165. 



pAcnnAir and tactile corpnsclefi, 147. 

Palatn, 206. 

I'allor, 235. 

Pancreas (sweetbread), 332. 

Pancreatic Juice, 384. 

Papilla) of the skin, 397, 898. 

„ oftonffaOi circumTallate, fili- 
form, fongiiorm, 4C3. 
Paralysis, 531, 53^. 
Pathologyi 125. 
Patella, 80, fig. 19. 
PeWis, 08. 
Pepsin, 818. 
Peptone, 818. 
Poricarainm, 193, 20S. 
Perilymph and endolympb, 47L 
PerloRteum, 57, 138. 
Peristaltic contraction, 315, 531. 
Peritoneum, 328. 
Perspiration, 23, 392. 

„ quantity of, 893. 

Phalanges, 78, 79, 86. 
Phamyx, 244, 805. 
Phosphate or lime, 51. 
Phosphates, 102. 
Pbosphenes, 500. 
Phosphoric waste, 410. 
Physiology, 125. 

„ cognate sciences with, 31. 
Pia mater, 511, 5*29. 
Figment w»U8, 128, 486. 
Pillars of the diaphragm, 26L 



Pineal glaad, 51L 
Plasma, 171, UX 
Pleura, 259, 9B0L 
PI^nrapophyBes, 47. 
Plexuses, 59S. see Glofugrj. 
Pneamogastrie nerre, 213, 519L 
Pons Varolii, 51SL 
Portal ctreolatioo. 19L 

„ Tein, 29t\ 37-L 

„ canal, 365. 
Prehension, 39, 4€L 
Prcmation, 430L 
Processes, 58L 
Porei of the skin, TSfi. 
Froieids, lOS, 111, lit, 291, 39S, 339L 

r, Ttacassitj toe, 333, 339. 
Protoplasm or Irioplasm, 114. 
Proximate or organic princ^e, S3, 1C3. 
Folmonary arteries, 31L 

^ cairiUariea, 228, 2S7. 
Poise, arteriat 211. 212: TenooSi 3CX 
Forest blood in body, 407. 
Potrefaction, 99. 
FDa.183. 

Parking's figures, SOL 
Pylorus, 322. 



Baoocose glands, 353, 357, 38S. 

Badio8,76. 

Receptacle of the chyle, 3i3L 

Bectnm,323. 

Bed corpuscles of the blood, 157-lCl. 

„ functions of^ 16^ 

Beflez action, 273, 523, 530, 53L 
Befraction, 482. 
Benal apparatus, 401, 409L 
Beparation, 14, 15. 
Beprodnction, 30. 
Besidual air, 27&. 
Respiration, 23, 238. 239.* 

costal (pectoral), 266. 

diaphragmatic (abdom- 
inal), 267. 

different in the two sexes, 
267. 

frequency of; 277. 

mechanical moTementa 
of, 258. 

artificial, 963. 

mechanism of, 358, 259. 
Bespiratory soimds, 386. 
Bete mncosnm, 389. 
Betina,49L 
Bibs (costflB), 70. 

Bigor mortis (death BtiCfening), 141 
Bods and cones of rethuL 492. 
Botation and drcnmdocaon, 428, 42Sw 
Bouleauz of corpuscles, 158. 
Bnnning and walking, 437, 438. 

S 

Sacruit, 68. 
Saliva, 804. 
Salivary glands, 297. 
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SaliYary, descriptfoii of, 308. 

„ xninnte stmctare of, 885. 
Sarcode, 114. 
Sarcolemma, 144, S37. 
Scales media, ^ympani, Testibxili, 4C7, 

469, 474. 
Scapula, 71. 

Scarf-skin (cuticle), 380. 
Sclerotic coat, 482-4S4. 
Sebaceous glands, 395. 
Secretion, 350. 

„ theonr of, 363. 
Secretory glands, 350. 
Self-repair, 14, 15. 
Semicircular canals, 469 ; description 

of, 470, and fig. 83; valves, 207, 229. 
Semi-lunar valves, 194, 204, 207. 
Senses, the structure of organs of, 458; 

number of, 459. 
Sense, muscular, 460; touch, 461, 462; 

taste, 461; smell, 464; hearing, 467; 

vision, 478, 479. 
Sensation, 458 ; definition of, 613 ; of 
colour, 479; and judg- 
ment, 461, 498. 
„ objective and subjective, 
613; due to brain chanfje 
or molecular movement 
in, 479. 
Sensibility, compass test of, 899, 400. 
Sensory nerves, 626, 631, 632. 
Serosily, 177. 
Serous fluid, 208; membrane, 29, 127 ; 

coat, 316. 
Serum, 176. 
Sesamoid bones, 73. 
Sheath, 143, 144. 147, 337. 
Shock, electric,215; nervous, 234,235,436. 
Sinews, 418. 
Sighing, 269. 

Right, 478; long and short, 489. 
Slieleton, the, 48. 
bkin, 386-391; functions of, 387; lungs 

and kidney compared, 393 ; papillro 

of, 397, 398. 
Skull, 47, 60. 
Smell, the sense of, 464. 
Sonorous vibration, 460, 476. 
Sneezing, 273. 
Snifting, 270. 
Snoring, 268. 
Sobbing, 274. 
Sound, nature of, 466. 
Sounds, respiratory, 280 ; of the heart, 

210 ; vowel, 456 ; consonantal, 456 ; 

gutteral, 457 ; dentals, 457. 
Spectro-microscope, 163. 
Speech, 442. 
Sphincter or orbicular muscle, 814, 

322, 332, 409; description of, 416. 
Sphygmograph, 211. 
Spinal, column, 66 ; cord, the, 35, 151 ; 

desciiption of, 523-529; membranes 

of, 529; functions of, 630; nerves, 

632; injury to, 5U2,53S; ganglia of, 532. 



Spleen, the, 412. 

Squinting, 498. 

Stapes, 467, 468, 4761 

Starch, 117, 802. 

Stationary air, 104, see Olouary. 

Steam engine, dlfTercnco betw.'^f^n 

living bony, 12-15; governor of, 5. 
Sternum (breast bone), 69. 
Stimulus or irritation, 149, 476, 47.1, 

613. 
Stomach, 813-816. 
Substance, loss of, 338. 
Sudoriparous (perHplratlon) glancln, 

390, 891. 
Suffocation, 98, 284, 28.'5. 
Sugar, 119; in liver blood, 379, 080. 
Supination, 429. 
Supplemental air, 281. 
Supporter of life, 91. • 

Supra-renal capsules, 402, 411. 
Surface articular, 67. 
Suspensory ligament, 489. 
Sutures, 63, 

Sweat-glands, (sudoriparous), 300, 331. 
Sweet-broad (pancroaH), :IHJ. 
Sympathetic ganglia, norvoH, nnd 

system, 6, 634, 635; nurvo of nuok, 

233. 
Synovia. 421. 
Synovial sacs, 421. 
Syntonin, 106, 108, 144. 
Systole, 199. 



Tablh of composition of human 

blood, 166. 
Tactile corpuscle, 147, 898. 
Tadpole, circulation In tali of, 330. 
Taste, 463. 

Taurochollc, acid, 377. 
Tears, 609. 
Teeth, 48, 299; permanent and mllU 

(deciduous), 30l; structuro of, 3U0. 
Telegraph wires, 41, 149. 
Tendons, 133. 418. 
Tentorium, 61, 617. 
Temperature, avoraffo, 200; effoolH of, 

ontheblood. 290, 391. 
Theology and Physiology In liannoiiy, 

23 

Tibia, 82. 

Thoracic duct, 842. 

Thorax, 36, 86, 69 ; strtioturo of, 259. 

Thought, 83, 612 ; intelllgonco, 610. 

Thymus gland, 411. 

Thyroid cartilage, 440. 
„ gland, 411. 

Tibia, 82. 

Tickling, 531. 

Tidal and stationary air, 104. 

Tissue formers, 335. 

Tissues, 88 ; connective, white flbrona, 
111, 132, 133; yellow. 184; adipose, 
l'(5; osseous, 137; minute structure 
of the tooth, 139; nerve, 146, 140. 
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Tonffno, 463. 

1 onicity, 225. 

TonsilB, 296. 

Tonch, 461 ; compass test for, 399, 400. 

Trachea, 245, 246. 

Transfosioii of blood, 166. 

Trapezitun, 432. 

Tricuspid valve, 194, 303-206. 

Tripod of life, 29. 

Tmuk, organs of, 35. 

Tabuli (gastric), 314, 317; urinireri, 

404,405. 
Tnrbinal bones of nose, 5. 
Turkish bath, 289. 
Tymi>anum (drum of ear), 468. 

U 
CTlna, 75. 

Urea, 95, 393, 406, 410. 
Ureter, 401, 408. 
Urethra, 409. 

Unconscious voluntary action, 436. 
Uric acid, 410. 
Urine constituents, 394, 410. 
„ daily quantitieB, 410. 
Uvula, 268, 296. 

V 

Valves of the arteries, 197 ; heart, 194, 
203, 204; veins, 2:9. 

ValvulBB conniventes, 323, 325. 

Vasa vasorum, 231. 

Vascular system, see Glossary. 

Vaso-motor nerves, 225. 

Veins, 162 ; descriptions of 227. 228; 
hepatic (lower), 375 ; poital, 374. 

Velum, 466. 

Velocity of rerve force, 149; me- 
chanical; gained at expense of 
power, 435. 

Vena cava, 227. 
„ porta, 295, 374. 

Venous pulse, 230; blood, 153, 162, 
239; sinuses, 61. 

Ventricles, 196, 197. 



Vermiform appendix, 330. 
Vertebra, 67. 
Vertebne. typical, 46, 66. 
Vertebral column (see spinal column). 
Vertebrated animate, blood corpuscles 

of, 159. 
Vestibule, 469. 
Vibration of air, 440; of ether, 478, 

479 
Villi,'3g3. 
Vision, erect, 497; single, wi;h t\ro 

eyes, 498 ; double, with one eye, 499. 
Vitreous humour, 490. 
Vocal chords, 440, 444; false, 452; 

description of, 450-452. 
Vocalization, position of, 455. 
Voice, 440. 
Voice and speech, 440-44?; fal.cetto, 

453; loudness, 454; modulation of, 

453, 455; quality of, and range of, 

453 ; breamng of, 453 ; essentials to, 

455. 
Voluntary muscle, 143, 144, 436. 
Vowel sounds, 456. 

W 
Walkino and running, 437, 433. 
Walls of the heart, 195, 196. 
Waste, 16. 22, 23. 

„ through the lungs, proof of. 
240. 
Water, 93. 

Wave-movement, 478. 
Whipped blood, 1G6. 
White corpuscles, 167-170. 
Windpipe, 245, 246. 
Work and waste, 24. 
Working of the hearty 199, 200. 
Wounds, 183; in veins, 228. 



YAWnnjo, 271. 
Yellow fibrous tissue, 134. 
Yellow 8i)Ot (Macula lutea, or Bright 
spot of Sommering), 495. 
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20 Turkey in Europe, and Gre 

21 India. 

22 Persia, Afghanistan, and Bi 

23 Turkey in Asia. 

24 Chinese Empire and Japan 
25' Arabia, Eg}'pt, and Nubia. 

26 Palestine. 

27 Dominion of Canada. 

28 United States. 

29 West Indies. 
80 Australia. 

31 New South Wales. Victo 

32 New Zealand. (South A 
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MODERN GEOGRAPHY— Imperial Series. 

THE SELECTED ATLAS, consisting of i6 Maps, Imperial 4to, ii 
by 13 inches, Stiff Cover, 

1 The Hemispheres. 9 Ireland. 

2 Europe. 10 Southern and Central Europe. 

3 Asia. 11 India 

4 Africa. 

5 North America. 

6 South America. 

7 England and Wales. 

8 Scotland. 
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12 Canada. 

13 United States. 

14 Australia. 

15 New Zealand. 

16 Palestine. 



THE PORTABLE ATLAS, consisting of 16 Maps, folded Imperial 
8vo, cloth lettered, ... 

THE ADVANCED ATLAS, consisting of 32 Maps, Imperial 4to, 
cloth lettered, 

1 Eastern and Western Hemispheres. 

2 The World, (Mercator's Projection) 

3 Europe. 

4 Asia. 

5 Africa. 

6 North America. 

7 South America. 

8 England and Wales. 

9 Scotland. 

10 Ireland. 

11 France. 

12 Holland and Belgium. 

13 Switzerland. 

14 Spain and Portugal 

15 Italy. [the Baltic. 

16 Sweden and Norway, Denmark and 



17 German Empira 

18 Austria. 

19 Russia. 

20 Turkey in Europe, and Greece. 

21 India. 

22 Persia, Afghanistan, and Beloochls- 

23 Turkey in Asia. [tan. 

24 Chinese Empire, and Japan. 

25 Arabia, Egypt, Nubia, and Abys- 

26 Palestine. [siuia. 

27 Dominion of Canada. 

28 United States. 

29 West Indies and Central America. 

30 Australia. 

31 Victoria, New South Wales, and 

32 New Zealand. [South Australia. 



THE ACADEMIC ATLAS, consisting of 32 Maps, Imperial 4to, 
with a Copious Index, cloth lettered, 

THE STUDENT'S ATLAS, consisting of 32 Maps, and 6 Ancient 
Maps, with a Copious Index, Imperial 8vo, cloth lettered, 

33 Ancient Greece. 

34 Ancient Roman Empire. 

35 Britain under the Romans. 
- 36 Britain under the Suxous. 



87 Historical Map of the British Is- 
lands from A.D. 1006. 

68 France and Belgium, illustrating 
British History. 



THE COLLEGIATE ATLAS, consisting of 32 Modern, 16 Historical, 
and 2 Ancient Maps, mounted on Guards, with a Copious Index, 
Imperial 8vo, cloth lettered, ... ... ... ... ... 7 6 

THE INTERNATIONAL ATLAS, consisting of 32 Modern, 16 
Historical, and 14 Maps of Classical Geography, with Descriptive 
Letterpress on Historical Geography by W. F. Collier, LL.D. ; and 
on Classical Geography by L. Schmitz, LL.D., with Copious Indices, 
Imperial 8vo, cloth mounted on Guards, ... ... ... ... 10 6 
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COLLIHS' SERIES OP SCHOOL ATLASES— Continued. 



HISTORICAL GEOGRAPHY. 

THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, 6^ by II inches, mounted on Guards, Imperial i6mo, cloth, 

THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 
Maps, with Letterpress Description by Wm. F. Collier, LL.D., 
Imperial i6mo, cloth, 

THE STUDENT'S ATLAS OF HISTORICAL GEOGRAPHY, 
16 Maps, with Letterpress Description by Wm. F. Collier, LL.D., 

OVO, ClUUl, (•> »,t a, a aaa ((a aa< ••• ••• 
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1 Roman Empire, Eastern and Western, 

4th Century. 

2 Europe, 6th Century, shewing Settle- 

ments of the Barbarian Tribes. 
8 Europe, 9th Century, shewing Empire 

of Charlemagne. 
4 Europe, 10th Century, at the Rise of 

the German Empire. 
6 Europe, 12th Century, at the Time of 

the Crusaders. 

6 Europe, 16th Century, at the Eve of 

the Reformation. 

7 Germany, 16th Century, Reformation 

and Tliirty Years' War. 



8 Europe, 17th and 18th Centuries. 
Europe at the Peace of 1815. 

10 Europe in 1870. 

11 India, illustrating the Rise of the 

British Empire. 

12 World, on Mercator*s Projection, 

shewing Voyages of Discoveiy. 

13 Britain under the Romans. 

14 Britain under the Saxons. 

15 Britain after Accession of William 

the Conqueror. 

16 France and Belgium, illustrating 

British History. 



CLASSICAL GEOGRAPHY. 

THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 15 
Maps, Imperial i6mo, 6 1 by 11 inches, cloth lettered, 

THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 15 Maps, 
with Descriptive Letterpress, by Leonhard Schmitz, LL.D., Imperial 
l6mo, cloth lettered, ... ... ... ... ... 

THE STUDENTS ATLAS OF CLASSICAL GEOGRAPHY, 15 
Maps, Imperial 8vo, with Descriptive Letteipress, by Leonhard 
Schmitz, LL. Da, cloth lettered, ... ... ... ... ... 

1 Orbis Veteribus Notus. 9 Armenia, Mesopotamia, &c. 

2 Jijgyptus. 10 Asia Minor. 
8 Regnum Alexandri Hagni. 11 Palestine, (Temp. ChristL) 
4 Macedonia, Thracia, &o. 12 Gallia. 
6 Imperium Romanum. 

6 GrsBcia. 

7 Italia, (Septentrionalis.) 

8 Italia, (Meridionalis.) 



13 Hispania. 

14 Germania, &0. 

15 Britannia. 



Historical and Classical Atlas. 

THE STUDENT'S ATLAS OF HISTORICAL AND CLASS!. 

CAL GEOGRAPHY, consisting of 30 Maps as above, with Intro- 

ductjons on Historical Geography by W. F. Collier, LL.D., and on 

Classical Geography by Leonhard Schmitz, LL.D., vnth a Copious 

Index, Imperial 8vo, cloth. 
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COLLINS' SERIES OF FIRST-GLASS SCHOOL ATLASES, 

Carefully Constructed and Engraved from the Best and latest Authorities^ and 
Bcuut fully Printed in Colours, on Superfine Cream JVonie Pfiper^ 

MODERN GEOGRAPHY— Grown Series. *. d. 

MY FIRST ATLAS, consisting of 12 Maps, 9 inches by 7^ inches, 

folded 8vo, in Neat Wrapper, ... ... ... ... ... o 6 

THE PRIMARY ATLAS, consisting of 16 Maps, 9 inches by 7J 

inches, 4to, StifFWrapper, ... ... ... ... ... ... o 6 

THE POCKET ATLAS, consisting of 16 Maps, folded in 8vo, and 

mounted onjGuards, cloth lettered, ... ... ..4 ... i o 

THE JUNIOR, OR YOUNG CHILD'S ATLAS, consisting of 1 6 

Maps, 4to, with 1 6 pp. of Questions on the Maps, in Neat Wrapper, " ! o 
THE STANDARD SCHOOL ATLAS, consisting of 24 Maps, 

Crown 4to, in Neat Wrapper, ... ... ... ... ... i o 

THE PROGRESSIVE ATLAS, consisting of 32 Maps, 9 inches by 

7^ inches, 410, cloth lettered, ... ... ... ... ... 2 o 

THE CROWN ATLAS, consisting of 32 Maps, on Guards, with 

Index, 8 vo, cloth lettered, ... ... ... ... 2 6 

THE NATIONAL ATLAS, consisting of 32 Maps, 4to, with a 

Copious Index, cloth lettered, ... ... ... 2 6 



MODERN GEOGRAPHY— Imperial Series- 

THE SELECTED ATLAS, conasting of 16 Maps, Imperial 4to, 11 

by 13 inches, Stiff Cover, I 6 

THE PORTABLE ATLAS, consisting of 16 Maps, folded Imperial 

8vo, cloth lettered, ... ... ... ... 2 o 

THE ADVANCED ATLAS, consisting of 32 Maps, Imperial 4to, 

cloth lettered, ... * ... ... ... ... ... ... 3 6 

THE ACADEMIC ATLAS, consisting of 32 Maps, Imperial 4to, 

with a Copious Index, cloth lettered, ... 5 o 

THE STUDENT'S ATLAS, consisting of 32 Maps, and 6 Ancient 

Maps, with a Copious Index, Imperial 8vo, cloth lettered, ... 6 o 

THE COLLEGIATE ATLAS, consisting of 32 Modern, 16 Historical, 
and 2 Ancient Maps, mounted on Guards, wicii a Copious Index, 
Imperial 8vo, cloth lettered, ... 7 6 

THE INTERNATIONAL ATLAS, consisting of 32 Modem, 16 
Hibtorical, ana 14 Maps of Classical Geography, with Descriptive 
JLetterpress on Historical Geography, by W. F. Collier, LL.D.j and 
on Classical Geography, by L. Schmitz, LL.D., with Copious Indices^ 
Imperial 8vo, Cloth mounted on Guards, ... ... ... ...zo 6 



PHYSICAL GEOGRAPHY— Demy Series. 

THE PRIMARY ATLAS OF PHYSICAL GEOGRAPHY, 16 

Maps, Demy 4to, 9 by 1 1 inches, Stiti Cover, I o 

THE POCKET ATLAS OF PHYSICAL GEOGRAPHY, 16 Maps, 

on Guards, Demy 8vo, cloth, z o 

. Iiondon, EdinUurgh, aad Herriot Hill "Works, Glasisow. 
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'William Ck>llixis, Son^ & Co-'s Educational "Works. 

COLLINS' SERIES OF SCHOOL AT LASES-CoNTlNUED, 

PHYSICAL GEOGRAPHY— Imperial Series- *. d. 

THE PORTABLE ATLAS OF PHYSICAL GEOGRAPHY, 20 

Maps, II by 13 inches, mounted on Guards, Imp. 8vo, cloth, ... 3 6 

THE STUDENT*S ATLAS OF PHYSICAL GEOGRAPHY, 20 
Maps, mounted on Guards. With Letterpress Description and Wood 
Engravin|;s. By James Bryce, LL.D., F.R.G.S. Imp. 8vo, cl., 5 o 



kiSTORIGAL GEOGRAPHY. 

THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, 6^ by 11 inches, mounted on Guards, Imperial i6mo, cloth, i 6 

THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, with Letterpress Description by Wm. F. Collier, LL.D., 
Imperial i6mo, cloth, ... ... ... ... ... ... 2 6 

THE STUDENT'S ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, Letterpress Description by Wm. F. Collier, LL.D., 8vo, cloth, 3 o 



CLASSICAL GEOGRAPHY. 

THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 15 

Maps, Imperial i6mo, 6^ by 11 inches, cloth lettered, 
THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 15 Maps, 

with Descriptive Letterpress, by Leonhard Schmitz, LL.D., Imperial 

i6mo, cloth lettered, 
THE STUDENT'S ATLAS OF CLASSICAL GEOGRAPHY, 15 

Maps, Imperial 8vo, with Descriptive Lettet press, by Leonhard 

Schmitz, LL.D., cloth lettered, 



SCRIPTURE GEOGRAPHY. 

THE ATLAS OF SCRIPTURE GEOGRAPHY, 16 Maps, with 
Questions on each Map, Stiff Cover, ... ... ... ... i 

THE POCKET ATLAS OF SCRIPTURE GEOGRAPHY, 16 
Maps, 7^ by 9 inches, mounted on Guards, Imp. i6mo, cloth, ... i 



BLANK PROJECTIONS AND OUTLINES. 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Demy 4to, on Stout Drawing Paper, Stiff Wrapper, ... 
THE CROWN OUTLINE ATLAS, 16 Maps, Demy 4to, Stout 

Drawing Paper, Stiff Wrapper, 

THE IMPERIAL ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Imperial 4to, on Stout Drawing Paper, Stiff Wrapper, 
THE IMPERIAL OUTLINE ATLAS, 16 Maps, Imperial 410, Stout 

Drawing Paper, Stiff Cover, 



London, Edinh^ ^V Q^smw^s^ - 



